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ABSTRACT 
 
The present study has been conducted in order to investigate the 
seasonal variation as well as the effect of age and sex on certain blood 
constituents in the one-humped camels (Camelus dromedarius). 
Furthermore, the seasonal variation in the milk composition and the 
botanical and chemical composition of plant parts consumed by camels 
were investigated. The study has been conducted on 210 indigenous 
Arabian camel of different age (1-18 years) and sex, and kept under 
natural range in Southern Darfur.  
The data analysis revealed that the season had significant effects 
on some of the haematological indices, metabolites and mineral 
concentrations. These parameters showed slight variations related to age 
and sex. The red blood cells count, lymphocytes and basophils 
percentages increased significantly during the dry season, while the 
osmotic resistance, MCV, MCH and neutrophils percentage increased 
significantly during the green season. The serum levels of total protein, 
globulins and triglycerides increased significantly during the dry season, 
while the levels of plasma glucose, serum urea, creatinine, phosphorus 
(P) and calcium (Ca) increased significantly during the green season. 
The PCV, neutrophils percentage, serum total protein and serum Ca 
concentration increased significantly with age, while the lymphocytes 
percentage, serum P and serum sodium (Na) concentration decreased 
significantly with age. The red blood cells count and PCV level were the 
only investigated parameters that showed significant intersex 
differences. The levels of red blood cells count and PCV were 
significantly higher in males.  
  
The study showed that seasonal variation has a marked effect on 
milk composition. The percentages of milk moisture and fat increased 
significantly during the dry season, while lactose percentage increased 
significantly during the green season.  
The findings of the present study indicate that camels are selective 
browser rather than grazer. Furthermore, they are selective feeder to the 
parts of pasture plants they consume. The percentages of crude protein 
(CP), crude fibre (CF) and nitrogen free extract (NFE) of pasture plants 
selected by camels were significantly higher, while ash percentage was 
significantly lower during the dry season.  
The results obtained in the present study indicate that the 
nutritional state could induce significant changes in the physiological 
responses of the dromedary camel; the available forage during the green 
season improved the body condition, the blood metabolites and mineral 
profile of camels and the milk composition.  
The results indicate that despite camel’s selectivity and unique 
adaptation to arid conditions, glucose, urea, P and Ca levels were lower 
during the dry season. Therefore, it could be beneficial to provide 
concentrate feed to camels kept under dry tropical conditions.          
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CHAPTER ONE  
LITERATURE REVIEW 
1.1 Introduction  
 The one-humped camel (Camelus dromedarius) belongs to the 
order Artiodactyla, suborder Tylopoda. The family Camelidae consists 
of the genus Llama, to which all the new world Camelidae belong, and 
the genus Camelus. The genus Camelus is represented by the two-
humped bactrian camel (Camelus bactrianus) and the one-humped 
dromedary camel (Camelus dromedarius) (Wilson, 1984). The          
one-humped camel populates the semi arid, arid tropical and subtropical 
regions of Africa, Asia and other regions such as Australia (Djemali and 
Alhadrami, 1998).  
From about 19.4 million camels worldwide, the dromedary camel 
accounts for 95% (FAO, 2003). The Sudan owns 3.1 millions of the 
dromedary camel population that comprises 11% of animal biomass. The 
estimate of livestock in Southern Darfur is about 10.51 million heads, 
composed of 3.60, 3.30, 2.50, 0.30 and 0.07 million heads of cattle, 
sheep, goats, equines and camels, which constitute about 10%, 8.7%, 
6.9%, 8.1% and 2.3% of the total number of animals in Sudan, 
respectively (Ministry of Animal Resources, 2002).  
The main area of the Sudan inhabited by camels extends between 
latitudes 10º and 20º north and is bound by the Ethiopian mountains and 
the Red Sea hills on the East and by the Ingasana mountains and Bahr El 
Arab in the South (Babiker, 1984). Fig. 1 shows the geographical 
distribution of camels in Sudan.  
  
  
 
 
Fig. 1. Geographical distribution of camels in Sudan (Babiker, 1984). 
  
 
Southern Darfur state lies between latitudes 8º-13º N. Camels in 
southern Darfur are commonly raised under nomadic conditions. The 
annual migrations of nomads vary from year to year to exploit the 
seasonally abundant forage depending on the amount of rainfall (Abu 
Sin, 1991). The level of annual rainfall in southern Darfur varies 
between 250 mm in the north and 1000 mm in the south. The vegetation 
consists of semi desert grassland and scattered bushes and trees in the 
north, while consisting of the rich savannah with the most dominant trees 
and shrubs in the southern region of the state.  
Camels are classified as pack (heavy) and riding (light) types 
according to the function which they perform (Zaid et al., 1991). The 
Sudanese pack camel is the heavy type which makes up the majority of 
the camels maintained by nomads. The pack camels include the Arab 
camel together with several pack camel types raised mainly in northern 
Darfur and northern Kordofan states. The heavy camels also include 
Rashaida camel which is slightly shorter than the Arab camel and 
distributed mainly in eastern Sudan (Zaid et al., 1991). The riding camel, 
the kind which was developed for riding and which was selected for 
speed in the east of the country include the Anafi and Bishari camel 
(Wardeh, 2004a).  
The dromedary camels adapted themselves to the ecosystems of 
dry and arid zones where they are subjected to harsh conditions in 
addition to the severe fluctuations in the nutritional status, which in turn 
affect their general performance (Wardeh, 2004b). The camel possesses 
  
unique features which make it superior to other domesticated animals in 
the hot and arid desert ecosystems. This is reinforced by the ability of 
camel to traverse considerable distances with much less effort than other 
species, moving from one patch of short-lived vegetation to another. 
Camel physiology and special features are therefore not only of a 
scientific interest, but are the basic substance for people who live in 
marginal dry land areas.  
1.2 Economic importance of camels  
 It is now well documented that the camel produces milk, meat, 
wool, hair and hides; serves for riding, and as a draft animal for 
agriculture and short-distance transport (Schwartz and Dioli, 1992).  
Camel milk is one of the most important components of the diet of 
nomads in the Sudan, it is consumed by the owners and herders and is 
not exploited commercially (El Amin, 1984). Most keepers of 
dromedaries belong to population groups which have inadequate supply 
of animal protein, so that milk production is an important factor in the 
nutrition of those people. In many places, dromedary milk is regarded as 
an important protein-rich food with therapeutic properties attributed to 
relatively high mineral and vitamin C contents (Madani, 1996).  
In Sudan, dromedary camels are maintained for meat production, 
as baggage carriers and for riding. Furthermore, camel hair is an 
important by-product for nomads, where it is frequently used for making 
robes, tents, saddle girths, blankets, clothes and carpets (El Amin, 1984). 
  
Small numbers of heavy camels are exported to neighbouring 
African states, where the bulk of camel export-trade goes to Egypt. Most 
of these camels are drawn from western of Sudan (Babiker, 1984). 
Racing camels are also exported to Saudi Arabia and other Gulf States 
(Schwartz and Dioli, 1992).  
1.3 Pasture quantity and quality in Southern Darfur  
 Sudan supports the highest population of dromedary camels 
among all the regions they inhabit. This vast area is zoo-geographically 
distinguishable as two regions, the Butana in the East and the states of 
Darfur and Kordofan in the West of Sudan. These regions differ in their 
soil composition, temperature ranges, amount and duration of rainfall 
and type of vegetation (Babiker, 1984).  
 Camels can adapt to the seasonal variation in the quantity and 
quality of available forage by either increased selectivity for high quality 
plant material or by more efficient digestion of poor quality materials 
(Schwartz and Dioli, 1992).  
 In western Sudan, the natural vegetation is a function of rainfall 
and soil types. The northern areas are semi-desert where the natural 
vegetation consists of herbs, annual and perennial grasses and scattered 
bushes and trees. The main grass types belong to Aristida genus, while 
the main trees are of Acacia types (El khalifa et al., 1985). The 
vegetation of the low rainfall wood land and savannah is composed of 
grasses and greater number of trees than in semi-desert. The main 
grasses belong to Cenchrus biflorus, Erogotis spp. and others, while 
  
trees are mainly of Acacia types, where Acacia senegal is the most 
dominant species (El khalifa et al., 1985). The vegetation changes as one 
move southwards, where rainfall is comparatively high and the 
percentage of clay areas increases.  
 Although the vegetation of the moist sandy area is richer, the 
vegetation of the clay areas is predominated by Acacia mellifera, Acacia 
seyal, Balanites aegyptiaca and grasses (El khalifa et al., 1985). 
 In southern Darfur, the natural pasture is classified into three main 
regions according to the natural use (Babiker et al., 1999). The first 
region is the northern region which is located between 11º - 13º N in the 
semi arid. The rainfall in this region ranges between 200 and 300 mm. 
This region is considered to be a good pasture in the rainy season 
(autumn habitats/Makharif). The predominant grasses and herbs in this 
region are Cenchrus biflorus, Dactyloctenium aegyptium and others, 
while the predominant trees and bushes include Combretum aculeatum, 
Grewia tenax, Cadaba forinosa, Acacia mellifera and Acacia senegal. 
The second region is the middle region which is located in sandy soil 
between 10º - 11º N in the low land savanna area. The rainfall in this 
region ranges between 300 and 600 mm. The predominant grasses in this 
region are Echinochloa colonum, Cenchrus biflorus, Dactyloctenium 
aegyptium and others, while the predominant evergreen trees include 
Acacia senegal, Acasia seyal, Acacia nilotica, Balanites aegyptiaca, 
Guiera senegalensis, Ziziphus spina-christi, Dichrostachys glomerata, 
Tamarindus  indica and Albizia  amara.   
  
This region is also considered as autumn habitat (Makharif). The third 
region is the southern region, which is located in the wood savannah 
between 8º - 10º N, and which is characterized by its clay soil. The 
rainfall in this region ranges between 600 and 1000 mm. This region is 
characterized by a pasture rich in grasses and trees such as Acacia 
sieberana, Bauhinia rufescens, Celtis integrifolia, Acacia seyal and 
Balanitis aegyptiaca. This region is considered as a traditional summer 
habitats (Masaif).  
 Seasonal migration is necessary because it is not possible for 
nomads to stay the whole year in one place where the lack of water, 
grazing or both is common (Lebon, 1965). The nomads have regular 
seasonal movement, but there is variation in the direction each tribe 
takes. The animals are moved seasonally in pursuit of good quality 
pasture, either under the care of hired herders or together with nomads 
(El Khalifa et al., 1985).  
 In western Sudan, camel nomads move south-north in their normal 
annual mass migration. The southwards migration begins in early 
February and follows more or less well-defined routes that are 
determined by the competitive herding camels, cattle and other livestock. 
Camels migrate from the dry sandy plains in the north of Darfur to the 
richer savannah in the vicinity of Bahr El Arab. Then the herds embark 
on the return journey after reaching their late summer destination 
(Babiker, 1984).  
  
 Camels graze further south area (Isohyet 880 mm) for utilizing 
those pastures with the highest nutritional value and the wide range of 
vegetation cover of herbs, grasses and bushes suiting the high grazing 
selectively of the camel. This zone is considered as an optimal zone for 
camel breeding (Abu Sin, 1991).  
 The climate influences both distribution of animals and the 
chemical composition and nutritive value of pasture plants (Parker and 
Blowey, 1976). Moreover, it has been reported that forage quality 
influences feeding patterns of camels, where the time available for 
grazing under adverse pasture conditions would be a limiting factor to 
their dry matter (DM) and nutrient intake (Kassilly, 2002). Very low 
crude protein (CP) content of forage has been reported during dry season 
(Abdelrahman et al., 1998). The protein content of the diets selected by 
other animals was higher, and correspondingly the crude fibre content 
was lower during the green season compared to the dry season. 
However, camels were consistently able to select best qualities of minor 
differences between dry and green season (Schwartz and Dioli, 1992).  
 Within the wide variety of pastures grazed by dromedaries, the 
plant species high in moisture, electrolyte and oxalate content such as 
Acacia spp. and other species which are thorny in nature and bitter in 
taste were preferred by dromedary. However, this preferred diet is 
largely ignored by other animals (Willamson and Payne, 1978). Osman 
and Fadl-Alla (1974) reported that the long term maintenance of positive 
nitrogen balance in camels during the dry season could be supported by 
  
the browsing on leguminous shrubs or by the high efficiency of         
low-protein diets utilization.  
  The salty plants such as Dactyloctenium spp. are more abundant 
in the wet season. It has been reported that camels tend to take the 
advantage of these plants during wet season before they shed off their 
leaves (Kuria, 2004). The nutritive value of tropical grasses has been 
reported to be of low protein and mineral contents (Dougall et al., 1964). 
However, El Shami et al. (1990) reported that the mineral content of the 
browse plant is adequate in terms of Ca, Mg, and K, while deficiencies 
in Ca, P and Na level in forage during dry season were reported by 
Abdelrahman et al. (1998). The chemical composition of camel browse 
species in terms of crude protein, crude fibre, fat, nitrogen free extract 
and ash were reported to be 12.5%, 18.3%, 4.2%, 53.2% and 10.9%, 
respectively (Le Houérou, 1980).  
1.4 Nutritional requirements of camel  
 The camel is peculiar in being able to maintain its appetite even 
under severe dehydration. With other animals under conditions where 
there is shortage of food supply, camels are able to survive on diets well 
below maintenance requirement and compensate rapidly when 
conditions improve (Wilson, 1984). However, it has been reported that in 
extreme cases of limited natural vegetation, the camel did not only 
decrease its feed intake, but also did reduce metabolic rate (Dahlborn    
et al., 1992).  
  
Studies by Guerouali and Wardeh (1998) reported that camels 
fasted for two days showed lower body weight, and were able to 
maintain fermentation to meet part of nutrient requirement for fasting 
metabolism through fermentation products. Thus, camels were able to 
develop digestive and metabolic adjustments in order to suffer less from 
the fast. Water, energy, protein, vitamins and minerals must be provided 
in adequate and balanced amounts if optimum results are to be achieved 
in terms of maintenance, growth, production and reproduction. 
Variations in the nutrient requirements are to be expected between 
individual animals of the same weight and breed even when they 
perform the same function (Wardeh, 1997).  
1.4.1 Dry matter intake    
It is essential to know the actual quantity and quality of diet 
consumed. These two factors are largely dependent upon the available 
feed resources and the environmental stresses (Wardeh, 1997). Dry 
matter intake is influenced mainly by body size, energy density of the 
diet and rate of digestion or fermentation in animals maintained under 
normal (thermoneutral) conditions. Therefore, legume hays are more 
readily consumed than grass hays of similar quality (Kearl, 1982).  
The dromedary spends 6 - 12 hours daily grazing under natural 
range conditions (Wardeh, 2004b). It has been reported that dry matter 
intake varies from 5 to 55 kg/day depending on the season, feed 
availability, watering interval, lignification of available evergreen forage 
plants and physiological function of the camel (Elmi, 1989; Wardeh, 
  
1989). The daily dry matter maintenance requirement of the dromedary 
camels was estimated to be 2.5% of the body weight or 140 g   
DM/kg0.75of a diet with 10.88 MJ ME/kg DM (Wardeh, 2004b).  
1.4.2 Maintenance requirements  
 Energy and protein are required for maintenance, i.e. for the 
minimum survival level of an animal, before any form of production can 
take place. Camels because of their large size have less maintenance 
requirements per unit of body weight compared to sheep and goats. 
Moreover, camels under stress conditions need less water per unit body 
mass compared to sheep (Farid et al., 1985). Thus, a given amount of 
available feed will support a greater weight of camel than of other 
species of domestic livestock (Wilson, 1984). It has been reported that 
dromedaries could utilize metabolizable energy (ME) below 
maintenance with an efficiency of 73% (Guerouali et al., 2004).  
1.4.2.1 Energy  
 The camel is predominantly a browser; it can maximize extraction 
of energy from fibrous feeds (Cianci et al., 2004). Schmidt- Nielsen 
(1964) reported that the mean energy requirement of camel is low. 
According to Guerouali and Zine-Fillali (1992), camels use 
metabolizable energy (ME) for body tissue gain with an efficiency of 
68%. An average value of 435.1 KJ ME/kg0.75 was used to estimate the 
energy requirements for maintenance (Wardeh, 2004b).  
 
 
  
1.4.2.2 Protein  
 In camels, the recycled urea enters the rumen fluid where it is 
converted by the rumen microbes into protein. The microbial protein is 
then digested along the digestive tract (Wilson, 1984). This process 
enables camels to satisfy their nitrogen requirement almost exclusively 
by synthesizing protein from non protein nitrogen (NPN) such as urea 
(Wardeh, 1997).  
 According to Wardeh (2004b), protein requirement for 
maintenance from natural range lands was estimated to be 2.7 g 
digestible protein (DP)/kg0.75.              
1.4.3 Pregnancy requirements  
 The interaction between nutrition, production and reproduction 
functions in dromedary camels are very important to improve the 
productivity under arid range conditions (Hammadi et al., 1998). The 
birth weight of the camel calf is found to be affected by the level of 
nutrition of the dam. This finding was also reported for other farm 
species such as cows (Charmly et al., 1999).  
1.4.3.1 Energy  
 It has been assumed that the energy requirement of pregnant camel 
increases faster during the third trimester in a fashion similar to that of 
cattle and sheep (Wardeh, 2004b). Studies carried out by Basmail (1989) 
in Saudi Arabia showed that the energy requirement for pregnancy was 
95.3 MJ ME/Kg 0.75.  
 
  
1.4.3.2 Protein  
 The higher birth weight gives advantage for calves to have a good 
body weight at weaning. In cattle, the ratio of digestible protein to 
metabolizable energy has been reported to remain constant during 
pregnancy. An average value of 26 g DP/4.18 MJ ME was used to 
estimate the protein requirement of the pregnant camel (Wardeh, 2004b). 
Foetal growth in all animals is exponential, with more than 60% of total 
growth occurring in the late 2-3 months of gestation (Bell, 1995).  
1.4.4 Lactation requirements  
 The principal reason for low productivity per animal unit in the 
developing countries is mainly attributed to the low level of nutrition and 
the fluctuations in feed availability in general (Guerouali et al., 1993).  
1.4.4.1 Energy  
 Energy requirement for producing one kg camel milk was 
estimated to be 5.02 MJ ME (Wardeh, 1997). It has been reported that 
the dromedaries could utilize metabolizable energy above maintenance 
for milk production with an efficiency of 55% compared to the 
efficiency of 67% reported in sheep and cattle (Guerouali and Wardeh, 
2001). Thus, requirements for milk production in camels are fairly high 
in terms of energy required to produce 1 litre of milk; 400 kg camel 
needs the equivalent of about one-ninth of the total energy required for 
maintenance (Wilson, 1984).  
 
 
  
1.4.4.2 Protein  
 Camel milk production is much more expensive in terms of 
protein requirement for maintenance. Each litre has been reported to 
require about one-fifth of the protein required for maintenance of the 
average breeding female (Wilson, 1984). The requirement for producing 
1 kg camel milk was estimated to be 55 g DP (Wardeh, 1997).  
1.4.5 Growth requirements  
 Nutritional requirements for young camels during the first month 
have been reported to remain limited, a small quantity of milk was found 
to be sufficient for a moderate gain. In the two subsequent months, the 
difference in calf weight gain has been reported to reflect the difference 
in milk production between supplemented and unsupplemented females 
(Hammadi et al., 1998).  
1.4.5.1 Energy 
 Energy requirement for growth increases as the growth rate and fat 
deposition increases (Wardeh, 2004b). The energy requirement for the 
daily weight gain of 200 to 220 g of a 570 kg camel was estimated at 
48.1 to 50.2 KJ/g weight gain (Farid et al., 1985). Similar results were 
obtained at a daily weight gain of 185 to 200 g under natural range 
conditions in subtropical conditions (Wardeh, 1989).  
1.4.5.2 Protein  
 Proteins constitute an essential nutrient for animals. They are 
principal constituents of the animal body and are continuously needed in 
the feed for cell repair and synthetic processes. The animals are unable to 
  
synthesize amino acids in quantities necessary to satisfy their body 
needs; therefore, some amino acids must be provided in the diet 
(Wardeh, 1997). Growing camels with an average body weight of 326.6 
kg consumed 433.4 g of CP and grew at a rate of 137.5 g/day             
(Al-Motairy, 1991).  
1.4.6 Work requirements 
 Camels are more efficient in producing draught power than any 
other domestic animal with the possible exception of the horse (Wilson, 
1984).  
1.4.6.1 Energy 
 Camels can maintain a sustained pull of object weighing between 
one-fifth to one-seventh of their weights at a speed of about 1 m/second 
(Wilson, 1984). The energy requirements for 500 kg male or pack camel 
in 1 hour work is 8.2 MJ ME.  
1.4.6.2 Protein  
 Camels that feed mainly on browse can fulfil their protein 
requirement for work on natural fodder, which means the output in the 
form of work requires little extra protein (Wilson, 1984).  
1.4.7 Minerals requirements  
 The metabolic functions would not proceed normally in the 
absence of essential elements. Wardeh (1997) and Wilson (1984) 
indicated that the dromedary requires high quantities of sodium chloride, 
which might be about 6 - 8 times of the amount needed by other farm 
animals. Peck (1938) noted that camels which get about 30 - 60 g of salt 
  
per day might show lameness, skin-necrosis and bone fracture. These 
symptoms disappeared when affected camels obtained about 140 g 
salt/day. Moreover, it was reported that camels grazing salty plants or 
drinking saline water might obtain about 120 g of salt/day and do not 
develop sickness symptoms. The Tuareg of northern and southern Mali 
are well aware of the need for salt, and their annual grazing cycle has 
been reported to make full use of salty water wells (Wilson, 1984).  
 There is no problem of Ca deficiency in free grazing camels 
(Wardeh, 1997). However, the problem is encountered in the wide Ca to 
P ratio during the dry and wet season (26: 1 - 15: 1) under natural range 
grazing. Therefore, the dromedaries eat snail shells and chew bones in 
order to abtain part of their phosphorus requirement (Wilson, 1984; 
Elmi, 1989). However, legume forages consumed in large quantities may 
provide the major intake of phosphorus (Wardeh, 1997).  
 Forages, especially leguminous plants, contain more potassium 
than is required by ruminant animals. These leguminous forages also 
form major sources of magnesium (Wardeh, 1997). Furthermore, most 
natural feed stuffs were reported to have adequate sulfur contents to meet 
the dietary needs of ruminant animals (Wardeh, 1997).  
 Most green leafy materials, most leguminous plants and seed coats 
were reported as good sources for iron (McDonald et al., 1995). Forages 
were reported to have adequate amount of manganese and iodine to meet 
the requirements of ruminants unless grown in iodine deficient soils 
(Wardeh, 1997). Furthermore, most natural feed stuffs were reported to 
  
have sufficient molybdenum and cobalt contents to meet the dietary 
requirement of animals.  
 Trace elements requirements in camels were reported to be lower 
than in cattle (Bengoumi et al., 1989).  
1.4.8 Water requirements 
 The camel exhibits an extreme tolerance to heat and lack of 
drinking water (Schmidt-Neilsen, 1964). Furthermore, camels on good 
grazing are able to survive 30 days without drinking water (Mares, 
1954). Camels drink once a week in summer, every 7 - 10 days in 
autumn and spring and every 4 - 6 week in winter (Cole, 1975). The 
large fluctuation in body temperature during the day minimizes the need 
for water to maintain body temperature. The daily rise in body 
temperature of 6ºC in 600 kg camel is equivalent to 2500 kcal, which 
means saving of 5 litres of water that would be used to dissipate this heat 
load (Schmidt-Nielsen, 1964). Camels have also been known to depress 
metabolism which will reduce the oxygen consumption and internal heat 
production (Schmidt-Nielsen et al., 1967). The capacity of the camel to 
hold more water helps the animal in withstanding the deprivation of 
water for a prolonged period (Banerjee and Bhattacharjee, 1963). 
Thereby, the ability of the camel to stand prolonged dehydration is due 
to low overall water expenditure, particularly the low evaporative water 
loss during dehydration in the summer (Schmidt-Nielsen et al., 1956). 
Camels have the ability to consume 60 - 90% of the total volume of 
water intake within the first 10 minutes (Zine-Fillali and Shaw, 2004).  
  
 Camels are known to graze during early morning and late 
afternoon hours of the day during the hot season (Wardeh, 1997). They 
are also known to take a direction towards the sun, subjecting least 
surface area from their bodies to direct sun light. This position would 
minimize water and energy losses (Wardeh, 1989).  
1.5 Nutritional effects on blood composition  
 Camels are classified as pseudoruminant, due to the significant 
difference in the structure and function of the digestive system of the 
camelids (Tylo-pods) and the true ruminants (Ruminantia) (Schwartz 
and Dioli, 1992). The rumen of the camel is characterized by its unique 
exterior glandular sacs. The third compartment (Omasum) is not 
distinctively separated from the fourth compartment (Abumasum) 
(Engelhardt et al., 1988).  
 The motility pattern of the compound stomach of the camel differs 
from that of the true ruminants. A continuous separation of solid feed 
particles from fluids and solutes occurs through the motility cycles, 
thereby retaining larger feed particles in the rumen (Engelhardt et al., 
1988). In true ruminants, total digesta in the reticulorumen are mixed and 
transported a few hours after feed ingestion. The retention of large feed 
particles in the camel rumen allows microbial digestion of such particles 
for longer times (Heller et al., 1986). Camels are adapted to the dry and 
arid zones where they are subjected to harsh conditions, in addition to 
severe fluctuations in nutritional status which in turn affect their general 
performance (Wardeh, 1997).  
  
1.5.1 Erythrocytic indices 
 There are several factors which affect the erythrocytic indices. The 
most important factors are the nutritional status of the animal, hormones, 
environmental temperature, sex and age (Swenson, 1993).  
 Protein is an essential nutrient for production of erythrocytes in 
mammals (Williams et al., 1972). The protein content of plant species 
consumed by camels would satisfy most of the protein requirements of 
camels to perform their various physiological functions (Wardeh, 1990; 
Wardeh and Farid, 1990). Feeding a basal diet of cotton seed meal and 
additional Cu (30 mg/kg DM), increased the red blood cell count, Hb 
concentration and PCV level of ewes (Eckert et al., 1999).  
1.5.2 Leukocytic indices 
 The nutritional status was reported to influence the leukocytic 
series in animals; digestive leukocytosis occurs in some animals with 
grazing and eating habits (Swenson, 1993).  
 An increase in the percentage of neutrophils and eosinophils was 
reported in sheep fed a concentrate diet of 14% CP compared to animals 
maintained on forage only (Thomas and Chiboka, 1984). However, a 
substantial fall in the total leukocyte count was reported during 
starvation (White et al., 1956).  
1.5.3 Blood metabolites    
 The concentrations of blood metabolites are sensitive to seasonal 
changes in nutrient supply. Therefore, they could be used as indictors of 
nutritional status (Pambu-Gollah et al., 2000).  
  
1.5.3.1 Serum proteins  
           Serum proteins are albumin, fibrinogen, α-1, α-2, β-1, β-2, and γ- 
globulins. The γ- globulins are produced by lymphocytes and plasma 
cells and are commonly called immunoglobulins. The other plasma 
proteins are formed chiefly by hepatic cells (Swenson, 1993). 
 Serum total protein and albumin levels are usually considered as 
useful indices of the nutritional status of animals (Lynch and Jackson, 
1983).  Serum protein levels of 8.31 ± 0.85 g/dl and 8.07 ± 0.25 g/dl 
were reported in Sudanese camels maintained at high and low protein 
diets, respectively (Heller and Hassan, 1966). Furthermore, Hoaglund   
et al. (1992) indicated that supplementation of ewes with blood meal and 
soya bean meal resulted in an increase in serum albumin level.  
1.5.3.2 Plasma glucose 
 In true ruminants, the basal plasma glucose level is lower than in 
monogastric mammals. Camels, on the other hand, have plasma glucose 
level similar to that of monogastric mammals. Food deprivation 
decreases plasma glucose levels in both monogastric mammals and 
ruminants of similar size as the camel (Evans, 1971; Rule et al., 1985). 
However, serum glucose level of camels was maintained during fasting 
and was increased after feeding had commenced (Wensvoort et al., 
2004). Furthermore, plasma glucose concentrations in the fed and fasted 
states were higher in camels than in sheep (Emmanual, 1984).  
 
 
  
1.5.3.3 Serum urea 
 During short-time fasting, the kidney of camels regulated the 
excretion of urea through the reduction of glomerular filtration rate and 
partially through an increase of tubular reabsorption rate (Leng et al., 
1984). Therefore, urine of camels maintained on low protein diet 
contained only trace amounts of urea (Schmidt-Nielsen et al., 1957).  
 Camels have been reported to digest crude protein better than 
goats (Bakheit, 1985). Higher rate of urea recycling (94 - 97%) was 
reported in camels fed on dry desert grass of 3.2% crude protein (Mousa 
et al., 1983). Moreover, an inverse relationship between dietary protein 
content and urea recycling has been reported by Emmanuel et al. (1976). 
They reported an increase in urea recycling rates from 44% in camels fed 
on 13.1% crude protein diet to 86% in those fed on 6.1% crude protein 
diet. Blood urea concentration was increased in camels, steers and sheep 
during fasting (Wensvoort et al., 2004).  
 Grings et al. (1991) reported that increasing the intake of 
digestible crude protein or the ratio of digestible crude protein/ 
metabolizable energy increased the urea content in blood and milk in 
dairy cows. However, the changes in blood urea nitrogen (BUN) do not 
always reflect the changes in the entry rate of urea (Harmeyer and 
Martens, 1980).  
 
 
 
  
1.5.3.4 Serum creatinine  
 Creatinine is formed in muscle from creatine phosphate. The 
urinary excretion of creatinine is proportional to the muscle mass 
(Rodwell, 2003).  
 Serum creatinine concentration was reported to range between 
1.49 and 2.29 mg/dl in adult racing camels (Salman and Afzal, 2004). 
Osman and Al-Busadah (2003) reported that serum creatinine 
concentration of she-camels was higher as compared with ewes. 
Appanna and Vyas (1969) reported in their studies on rats a significant 
decrease in urinary creatinine excretion during protein-free feeding.  
1.5.3.5 Serum cholesterol  
 Serum cholesterol levels are determined by the dietary and 
environmental factors (Mayes and Botham, 2003a). Animals that 
consume only plant and plant-derived feed were reported to synthesize 
cholesterol in their bodies (Beitz, 1993a).  
The levels of serum cholesterol were reported to be lower in she-
camels compared to cows and ewes (Osman and Al-Busadah, 2003).  
The lack of insulin or thyroid hormones has been reported as the main 
factors affecting plasma cholesterol concentration (Guyton and Hall, 
2000). 
1.5.3.6 Serum triglycerides 
 The fatty acids and monoglycerides, after entering the epithelial 
cells, they are mainly used to form new triglycerides that are 
subsequently transported mainly in lymph as chylomicrons, flowing     
  
upward through the thoracic lymph duct to empty into the blood (Guyton 
and Hall, 2000).  
         The liver plays a major role in fat metabolism. It converts large 
amounts of free fatty acids (FFA) being released by adipose tissue into 
triglycerides. The triglycerides are either secreted into the circulation as 
lipoproteins or accumulate in the liver as stored fat (Bergman, 1993). 
Increased glucose metabolism was reported to reduce the amount of free 
fatty acids (Mayes and Botham, 2003b). Serum triglycerides 
concentration was higher in the she-camels than that of cows and ewes 
(Osman and Al-Busadah, 2003). In camels, serum triglycerides 
concentration has been reported to be affected by diet (Wasfi                 
et al., 1987).  
1.5.3.7 Serum minerals  
 All forms of living matter require minerals for their normal life 
process. Nutritional disorders involving the mineral elements arise as 
simple deficiencies or excesses of particular element; they occur more 
often as deficiencies or toxicities (Hays and Swenson, 1993). There is a 
high interaction between mineral absorption and quality of the diet (Faye 
et al., 1992).  
 Supplementation of magnesium oxide (MgO) did not affect serum 
sodium and potassium levels in sheep (Rahnema and Fontenot, 1983). 
Supplementation of the diet of lactating ewes with calcium carbonate 
(CaCO3) was reported to increase serum Ca level (Abdelrahman            
et al., 2002).  
  
 Fahmy et al. (2004) reported that zinc supplementation is 
important for wound healing in camels. Moreover, zinc was reported to 
be important for effective digestion, absorption and metabolic utilization 
of a wide range of nutrients including vitamin A (Smith et al., 1973), 
vitamin E (Betteger et al., 1980) and proteins (Hardie-Muncy and           
Rasmussen, 1979).  
 Serum iron, inorganic phosphorus and magnesium concentrations 
of she-camels were reported to be lower as compared with those of cows 
(Osman and Al-Busadah, 2003). Forages that are rich in molybdenum 
and sulfur were reported as well known antagonists of copper piosoning 
(McDonald et al., 1995).  
1.6 Nutritional effects on milk composition of she-camel 
 The primary precursors of milk constituents are free amino acids, 
glucose, acetate, fatty acids and triacylglycerols, from which milk 
protein, lactose and fat are produced. Limiting any of these precursors 
will reduce milk production and change its composition (Jelinek            
et al., 1996).  
 The changes in diet composition and grazing conditions resulted 
in a rapid change in milk composition, but the relationship between feed 
constituents and milk composition is complex; however there was a 
highly positive correlation between the milk fat content and blood levels 
of triacylglycerols and glucose in dairy goats (Khaled et al., 1999). The 
daily milk yield was reported to be about 5 - 10 litres under optimum 
  
feeding conditions compared to only 3 - 4 litres under poor feeding 
conditions (Knoess, 1976).  
 The water content of camel milk is of important value for young 
calves, and especially for humans living in drought areas. The moisture 
percentage of camel milk is 84% under water availability conditions; 
however, when water is restricted at high environmental temperature, the 
moisture content of milk was reported to increase to a level of 90% (Yas, 
1997). Moreover, Yagil and Etzion (1980) investigated camel’s milk 
composition under ad libitum and restricted drinking water situations. 
They reported that under ad libitum watering, the moisture, lactose and 
ash contents were 85.7%, 4.6% and 0.6%, respectively, while under 
restricted drinking water situations lactose and ash contents declined to 
2.9% and 0.35%, respectively, while the moisture content was increased 
to 91.2%. 
1.7 Seasonal variations in the blood composition of camel 
 The seasonal changes exert their influence physiologically and 
nutritionally on the animals. Changes in climatic elements result in 
physiological acclimatization and influence the partitioning of body 
fluids and composition of blood (Parker and Blowey, 1976).  
1.7.1 Erythrocytic indices 
 The erythrocytic indices include the red blood cell count, packed 
cell volume (PCV) of erythrocytes and haemoglobin concentration (Hb). 
They also comprise mean corpuscular volume (MCV), mean corpuscular 
  
haemoglobin (MCH), mean corpuscular haemoglobin concentration 
(MCHC) and osmotic fragility of the erythrocytes.  
 Abdelgadir et al. (1984a) reported that the red blood cell count, 
PCV, Hb, MCV, MCH and MCHC ranges of adult Sudanese camels 
during the rainy season were 7.22 - 11.76 × 106/µl, 25 - 34%, 7.8 - 15.9 
g/100ml, 35 - 60 fl, 17 - 22 Pg and 36.5 - 50.9%, respectively. Wilson 
(1984) reported values of 5.54 - 7.2 × 106/µl and 11.7 g/dl for red blood 
cell count and Hb concentration, respectively. 
 Dehydration is the principal factor affecting blood chemistry; 
however, the PCV has been reported to remain almost constant during 
dehydration (Wilson, 1984). The shortest red blood cell survival time 
was reported in winter, while the longest survival and half-time were 
reported under chronic dehydration in summer (Yagil et al., 1974a). The 
authors suggested that the lengthening of the red blood cell life span 
during dehydration could contribute to the ability of the camel to 
preserve water. It is well documented that the red blood cell count of 
camels can function in extreme environmental conditions by preventing 
any drastic changes in cell contents. This is attributed to the ability of red 
blood cells to stand prolonged periods of dehydration and rapid 
rehydration (Yagil et al., 1974b, c).  
 It has been reported that several extrinsic (pH, temperature, 
oxygenation) and intrinsic (age of animals, species, breed, lipaemia, age 
of erythrocytes) factors could influence the osmotic fragility of 
  
erythrocytes (Jain, 1986). Eitan et al. (1976) reported that camel 
erythrocyte membranes are distinguished by some unique properties of 
stability and composition, such as protein-protein interaction of  integral 
proteins, presumably constituting an integral skeleton which is a 
dominant structural feature stabilizing the camel erythrocyte membrane. 
The integral skeleton indicated that proteins play an important role in 
stabilization of the camelid elliptocyte (Omorphos et al., 1989). The thin 
elliptical red cell of the camel is uniquely resistant to osmotic heamolysis 
because it can increase its volume by about 200% without undergoing 
haemolysis (Jain, 1985). Furthermore, haemoglobin molecule of the 
camel and camelids was reported to contain more charged amino acid 
residues and to be more hydrophilic than in humans (Bogner et al., 
1998). They also reported extremely low erythrocyte water content in 
camel erythrocytes.  
 Seasonal fluctuations in environmental temperature and relative 
humidity constitute important factors that influence blood composition in 
animals. Higher mean values of camel’s red blood cells count were 
reported during summer compared to winter (Nazifi and Abassali, 1998; 
Kataria et al., 2002a). It has been reported that the increase of red blood 
cell count and PCV during summer in adult Marwari goats in the tropical 
climate is attributed to heat stress (Kataria et al., 1992). An increase in 
camel PCV mean values has also been reported during summer (Ghosal 
et al., 1975; Salman and Afzal, 2004). This increase in PCV has been 
  
attributed to the higher ambient temperature in summer or to the change 
in feed quality.  
           It has been reported that the mean corpuscular volume (MCV) and 
the mean corpuscular haemoglobin (MCH) dropped during dehydration 
and increased after drinking, while the mean corpuscular haemoglobin 
concentration (MCHC) decreased after drinking (Yagil et al., 1974b). 
Furthermore, lower MCV and MCH values have been reported in Iranian 
adult camels during summer compared to winter (Nazifi and Abassali, 
1998). A linear relationship between the MCV of different species and 
the haemolytic volume has been reported by Jain (1986).  
 There were considerable differences in the osmotic fragility of 
erythrocytes of hydrated cattle and camels. The haemolysis was reported 
to begin at an osmolarity of 105 mM/L and to be complete at 70 mM/L 
in cattle, while haemolysis was reported to begin at an osmolarity of 65 
mM/L and to be complete at 35 mM/L in camels (Siebert and 
Macfarlane, 1975).  
1.7.2 Leukocytic indices 
 The leukocytes are the mobile units of the body’s protective 
system. The granulocytes (neutrophils, eosinophils and basophils) and 
monocytes are formed in the bone marrow. Lymphocytes are partially 
formed in the bone marrow and partially in the lymphoid tissues. After 
formation, leukocytes are transported into the blood. The granulocytes 
and the monocytes protect the body against invading organisms by the 
  
process of phagocytosis, while the lymphocytes function mainly in 
connection with the immune system (Guyton and Hall, 2000).  
 In the adult Sudanese normal camels, the ratios of neutrophils, 
lymphocytes, monocytes, eosinophilts and basophils were reported to be 
51%, 40%, 4%, 4% and 0.5%, respectively (Abdelgadir et al., 1984a). 
However, ratios of 51%, 40%, 3%, 6% and 0.05%, respectively were 
reported in the normal adult Indian camel (Banerjee et al., 1962).  
 Seasonal variations in the leukocytic series have been investigated 
in many species. Hassan et al. (1987) reported that in Barki ewes neither 
total leukocytes count nor the differential distribution was affected by 
season. Moreover, the hot humid and hot dry conditions did not 
influence the total leukocytes count in Brahman cattle (Gutierrez-De La 
R et al., 1971). However, Kataria et al. (2002a) have investigated the 
seasonal changes in leukocytic profile of Indian camels, and reported 
higher lymphocytes and basophils percentages during summer compared 
to winter.  
1.7.3 Blood metabolites 
1.7.3.1 Serum proteins 
 Albumin helps to maintain the colloid osmotic blood pressure; it 
accounts for nearly 80% of the colloid osmotic blood pressure of plasma. 
Other plasma protein functions include regulation of the acid-base 
balance as buffer, stability of the erythrocytes in suspension and 
transport of nutrients, hormones, cholesterol and enzymes (Swenson, 
1993).  
  
Abdelgadir et al. (1984b) reported that the total protein, albumin 
and globulins levels in healthy Sudanese camels ranged between 6.3 - 
8.7 g/dl, 3.0 - 4.4 g/dl and 2.8 - 4.4 g/dl, respectively.  
The seasonal variation in environmental temperature could induce 
considerable changes in the concentration of serum proteins. Abokouider 
et al. (2001) in their studies on camels under natural ranging conditions 
in Syria reported an increase in the level of serum total proteins during 
the dry season, while the lowest values of serum total proteins were 
reported during the wet season. Moreover, adult camels of both sexes 
have showed a higher level of albumin during hot compared to cold 
conditions (Kataria et al., 2002b).  
1.7.3.2 Plasma glucose 
Glucose in blood and certain tissue fluids is drawn up by all cells 
of the body to produce useful energy or adenosine triphosphate (ATP). 
Blood glucose is an important factor in determining the glucose 
concentration in the interestitial fluid. Variability among animals within 
a given species is related to nutritive state and to carbohydrate stores 
within the animal. The liver and several hormones including insulin, 
glucagon, epinephrine, glucocorticoids and thyroid hormones play a 
major role for maintenance of a stable glucose concentration in blood 
(Beitz, 1993a). 
Studies reported by Yagil and Berlyne (1977) indicated that the 
large infusion of glucose in hydrated camels leads to a slight increase in 
blood glucose level and the extra glucose was readily given off in the 
  
urine. Large infusions of glucose following dehydration result in 
elevation of blood glucose level with a limited urinary excretion. 
The level of plasma glucose in Sudanese camels under natural 
grazing ranged between 37 - 97 mg/dl (Abdelgadir et al., 1984b). 
Blood glucose level in camels has been shown to be slightly lower 
in the dry season compared to green season (Wilson, 1984). 
Furthermore, camels under natural conditions in Syria have shown lower 
concentration of glucose during the dry season compared to wet season 
(Abokouider et al., 2001). 
1.7.3.3 Serum Urea 
Deamination of amino acids occurs primarily, in the liver. The 
resulting ammonium ions (NH4+) may be converted to urea and excreted 
by the kidney. Less than 5% of the urea nitrogen is excreted in the faeces 
(Beitz, 1993c). It has been reported that urea degradation rate and the 
rate of urea transfer to the gut were greater in camels than in sheep and 
goats (Mousa et al., 1983, Emmanuel, 1984). 
Idris and Tartour (1970) suggested that the normal range of urea in 
Sudanese camels was 15.1 - 45.0 mg/dl. Similarly a urea level of 15.7 - 
48.5 mg/dl has been reported by Abdelgadir et al. (1984b) in Sudanese 
camels. In camels under natural conditions, lower urea concentrations 
were reported during the dry season compared to wet season 
(Abokouider, et al., 2001). Moreover, higher levels of blood urea 
nitrogen were reported in the racing camels during winter compared to 
  
summer in United Arab Emirates (Salman and Afzal, 2004). This was 
attributed to the higher dietary protein during winter season. 
1.7.3.4 Serum creatinine   
Creatine phosphate and ATP represent stores of energy that is 
available for muscle contraction. Creatine is normally formed in the liver 
and is converted to creatinine in skeletal muscle cells (Breazile, 1993). 
Creatine and its energy-reserve form phosphocreatine are present in 
muscle, brain and blood (Murray et al., 1999). 
Serum creatinine has been reported to range between 1.2 - 2.8 
mg/dl in Sudanese camels (Abdelgadir et al., 1984b). However, 
Mohamed and Hussein (1999) reported a range of 1.3 - 3.0 mg/dl in the 
Hijin racing camel in Kuwait. 
Camels under natural conditions in Syria have shown lower 
concentration of serum creatinine in the dry season compared to wet 
season (Abokouider et al., 2001). However, serum creatinine 
concentration did not show any seasonal variation in racing camels 
(Salman and Afzal, 2004). 
1.7.3.5 Serum cholesterol 
 Cholesterol is the most abundant steroid in animal tissues which 
originates by biosynthesis from acetyl Co A. Cholesterol is a necessary 
component of cell membranes and intracellular membranes, is a 
principal constituent of myelin sheath of nerve tissue, and is a precursor 
of bile acids and numerous steroid hormones (Beitz, 1993b).  
  
Reports on cholesterol levels in the Sudanese camels under natural 
grazing ranged between 20.8 - 79.2 mg/dl (Abdelgadir et al., 1984b).  
An increase in serum cholesterol level during starvation has been 
reported by Mirghani (1982). This response was attributed to fat 
mobilization. However, seasonal variations did not show any effect on 
serum cholesterol levels of camels under natural conditions (Abokouider 
et al., 2001).  
1.7.3.6 Serum triglycerides 
Triacylglycerols (TAG) are the major form of lipid in the animal 
body. The excess of the daily maintenance requirement of fats are stored 
in adipose tissue as triacylglycerols. When the animal has an energy 
deficit, the triacylglycerols are hydrolyzed to glycerol and fatty acids that 
are used as metabolic fuel by many tissues (Beitz, 1993b).  
In adipose tissue, a fall in insulin and glucose concentrations 
decreases triacylglycerol synthesis and increases lipolysis resulting in 
enhanced release of free fatty acids (FFA). These are used to provide the 
energy needs of most tissues such as skeletal muscle and heart, thus 
sparing more glucose for nervous tissues (Sukkar et al., 2000).  
Wasfi et al. (1987) reported that the serum triacylglyceride 
concentration of healthy male camels with an age span of 1 - 10 years 
ranged between 1.04 - 33.28 mg/dl.  
In camels under natural conditions, higher concentration of 
triacylglycerides has been reported during the dry season compared to 
the wet season (Mirghani, 1982; Abokouider et al., 2001).  
  
1.7.3.7 Serum minerals 
In Sudanese camels under grazing natural conditions, the normal 
range of serum minerals concentrations was reported to be 3.9 - 6.8 
mg/dl for inorganic phosphorus, 6.3 - 11.0 mg/dl for calcium and 129.3 - 
160.7 mEq/L for sodium (Wahb et al., 1984). Calcium and phosphorus 
serve as major structural elements of skeletal tissue. Calcium is essential 
for the coagulation of blood, membrane permeability, neuromuscular 
excitability, transmission of nerve impulses, and activation of certain 
enzyme systems. Phosphorus is vitally concerned in many metabolic 
processes including those involved in buffering of body fluids. The 
plasma calcium level is regulated by the parathyroid hormone and 
thyrocalcitonin, while the plasma phosphorus level is inversely related to 
that of calcium (Hays and Swenson, 1993).  
Dehydrated camels in hot and cold conditions could maintain the 
salt balance. The major functions of the sodium ions are concerned with 
the regulation of crystalloid osmotic pressure, acid-base balance, 
maintenance of membrane potentials, transmission of nerve impulses, 
and the absorptive processes of monosaccharides, amino acids, 
pyrimidines and bile salts (Hays and Swenson, 1993).  
Kataria et al. (2000c) reported that serum sodium and potassium 
levels did not show any alternations with the environmental changes. 
The essential trace elements are copper, zinc, iron, manganese, selenium, 
cobalt and iodine. These trace elements are generally included in 
enzymes molecules. For example, copper is included in cytochrome 
  
oxidase, alkaline phosphate, DNA and RNA polymerase and 
dehydrogenases. Manganese is included in pyruvate carboxylase. 
Selenium is included in glutathione peroxidase. Other trace elements are 
included in hormones (iodine in thyroid hormones), vitamins (cobalt in 
vitamin B12) and metalloprotein (iron in haemoglobin and myoglobin).  
Serum Cu and Mn concentrations of she-camels were reported to 
be higher as compared to cows and ewes. Conversely, the level of serum 
iron of she-camels was reported to be lower as compared to the cows and 
ewes. The difference in serum Zn concentrations between the three 
species revealed no species differences (Al-Busadah, 2003).  
Among the trace elements, attention was focused on Cu and Fe in 
Sudan. Wahbi et al. (1984) reported plasma levels of 118.8 µg/dl and 
98.5 µg/dl for Cu and Fe, respectively in camels at Butana area. Tartour 
and Idris (1970) reported that racing camels had higher serum Fe levels 
than the levels in pack camels.  
1.8 Seasonal variations in milk composition of she-camels  
Since pasture productivity is marginal and forage yields are highly 
variable, camels due to their unique adaptation to hot and arid 
environments are the only reliable milk producers (Schwartz and Dioli, 
1992).  
Milk yield depends on the number of milking times, the feed 
intake, the climate and the frequency of watering. Estimates of lactation 
length varied from 9 to 18 month and the total lactation yields from 
about 800 litres to 3600 litres with a daily yield of 2.8 - 11.0 litres 
  
(Wilson, 1984). It has been demonstrated that she-camels maintained on 
natural grazing lands and milked twice a day, yielded a daily average of 
7 to 13 kg in Ethiopia (Knoess, 1979). The daily milk yield was reported 
to be higher in camels maintained on improved irrigated pasture in India 
from 2.5 - 6.5 kg to 15 kg (Gohl, 1979).      
Camel’s milk is a complex mixture of water, fats, proteins, 
lactose, minerals and vitamins. The most important component in camel 
milk is its water content. Young camels, and especially humanbeings 
living in drought areas, are in need of fluid to maintain homeostasis and 
thermoneutrality. The water content of camel milk fluctuates from 84% 
(Knoess, 1976) to 90% (Ohris and Jashi, 1961). The water content of the 
milk was reported to be 86% when water was freely accessible. 
However, water restriction elevated the water content of milk to a level 
of 91% (Yagil and Etzion, 1980).  
Milk fat content was also reported to differ from that of other 
animals, and when left standing, fat is distributed as small globules 
throughout the camel milk (Yagil and Etzion, 1980). The range of the 
concentration of milk fat, protein, lactose, total solids and ash contents  
have been reported to be 2.9 - 5.4%, 3.0 - 3.9%, 3.3 - 5.8%, 7.0 - 10.7% 
and 0.6 -0.8%, respectively (Wilson, 1984). Furthermore, Elamin and 
Wilox (1992) noted that camel’s milk contains 3.15% fat, 2.81% protein, 
4.16% lactose, 10.95% total solids, 0.83% ash and 88.33% moisture. 
Recently, Baidar-khan and Iqbal (2000) studied the Bactrian camel’s 
milk composition and reported moisture, dry matter, fat, protein, lactose 
  
and ash content of 86.3 - 88.5%, 8.9  - 14.3%, 2.9 - 5.5%, 2.5 - 4.5%,   
2.9 -  5.8% and 0.35 - 0.95%, respectively.  
  Camel’s milk yield during the dry season was reported to be about 
half of the yield during the rainy season. This was attributed to the lack 
of feed during the dry season (Lakosa and Shokin, 1964). Furthermore, 
milk fat, protein, and lactose contents were reported to decrease under 
water restricted conditions (El-bahy, 1962). Milk total ash content varies 
greatly; the lowest ash content was during the dry season (Yagil and 
Etzion, 1980).  
1.9 The effect of age and sex on the blood composition of camel 
 Hussein et al. (1983) reported that the red blood cells counts, Hb, 
MCV, MCH and MCHC did not show any age difference in Saudi 
Arabian camels.  
 The influence of age on total protein concentration has been 
studied by some workers. Chaudhary et al. (2003) reported that total 
protein concentration was higher in the adult camels compared to calves. 
Ghodsian et al. (1978) comparing camels from 1 - 5 years of age to those 
older than 5 years, reported a higher serum total protein concentrations 
in older camels. However, age variation did not show any effect on 
glucose level in the dromedary camels (Ghodsian et al., 1978).  
 Azwai et al. (1990) reported a normal range of blood urea nitrogen 
of 21.81 - 78.12 mg/dl in dromedaries of 3 months - 25 years old 
belonging to both sexes. The percentage of total nitrogen excreted as 
urea lower in new-born compared to adult camels. This phenomenon was 
  
attributed to the turnover of amino acids as being directed towards 
anabolism in the new-born animal (Widdowson et al., 1958). 
Furthermore, a lower level of serum urea was reported in young camels 
compared to adults (Idris and Tartour, 1970). Serum cholesterol level 
was also reported to increase with age in dromedary camels (Nazifi       
et al., 2000).  
Sarwar et al. (2004) reported that Na and Ca concentrations did 
not show any difference among the age groups of camels. Furthermore, 
age variation did not show any effect on serum Fe concentration (Tartour 
and Idris, 1970; El kasmi, 1989). However, El Kasmi (1989) reported 
lower plasma Zn concentration in young camels compared to adults.  
Adam et al. (1974) reported  total red blood cell count, PCV and 
Hb values of 6.8 - 18.4 (8.5) × 106/µl, 34.7%, 11.0 - 18.7 (13.9) g/dl, 
respectively in Sudanese male camels compared to values of 8.2 - 9.7 
(8.9) × 106µl, 35.4%, and 9.8 - 19.0 (14.2) g/dl, respectively in female 
camels. Tartour (1971) reported  MCV, MCH and MCHC values of   
40.5 fl, 15.8 Pg, 38.9 g/dl, respectively in Sudanese male camels 
compared to values of 40.3 fl, 14.3 Pg and 38.1 g/dl in female camels.  
Close similarities between male and female camels ware reported 
concerning the values of PCV, Hb, MCV, MCH, and MCHC. Whereas, 
the red blood cells count were reported to be lower in females compared 
to males (Nazifi et al., 1998).  
The total and differential leukocyte count did not show any 
intersex differences (Tartour, 1971). However, the sex influence on total 
  
and differential leukocytes count was reported by Hussein et al. (1983), 
they reported higher lymphocytes ratio in female compared to male 
camels.  
Sex variation did not show any effect on plasma glucose 
concentration (Chavanne and Bone, 1950; Chiericato et al., 1986), serum 
urea level (Idris and Tartour,, 1970; Chiericato et al., 1986), serum Fe 
and Zn levels (El kasmi, 1989). However, higher serum level of Na was 
reported in female compared to male camels (Sarwar et al., 2004).  
1.10 Objectives of the research project 
 The pasture quality and quantity are influenced by the seasonal 
changes in rainfall (Lebon, 1965; Schwartz and Dioli, 1992), which in 
turn could influence the nutritional status, and consequently the blood 
and milk composition of camels. The changes in blood composition 
(metabolic and mineral profile) could thus help in prediction of pasture 
quality and the occurrence of metabolic diseases.  
 The studies described in this thesis were designed to investigate 
the following objectives:  
a. The effect of season on the quality and type of plant species 
selected by camels.  
b. The effects of season (dry versus green) on the haematological, 
metabolic and mineral profile and milk composition of camels.  
c. The effects of age and sex on blood composition. 
d. The establishment of normal haematological indices, serum 
metabolites and mineral profiles of camels. 
  
CHAPTER TWO  
MATERIALS AND METHODS  
2.1 Survey background 
 This study was carried out in southern Darfur state [Latitudes 8º 
and 13º North, Longitudes 22º and 28º East (Fig. 1)]. It was conducted 
both during the dry season (March - May, 2003) in camels’ summer 
habitat (Masaif), and during green the season (August - September, 
2003) in camels’ autumn habitat (Makharif).  
 Blood and milk samples were collected from apparently healthy 
camels of different sexes and age groups (1-18 years). The camel herds 
were naturally ranging and have had no feed supplementation except the 
provision of common salt (NaCl), where approximately 1 pound of salt 
was added to 20 litres of water during the dry season as a traditional 
practice of nomads during this season. The camels have had access to 
water every 5 - 9 days during the dry season, while water was available 
ad libitum during the green season.  
2.2 Climatic measurements  
 The daily maximum and minimum ambient temperatures (Ta), 
rainfall, and relative humidity (R.H.) readings were obtained from Nyala 
Meteorological Unit in southern Darfur. The mean monthly values of 
ambient temperature, rainfall and relative humidity during the survey 
period were then computed. 
  
2.3 Blood analysis  
2.3.1 Collection of blood samples             
 Samples of blood were collected from camels by jugular vein 
puncture (plate 1). Seven ml blood samples were collected from each 
camel using 10 ml plastic disposable syringes. Then 2 ml of the blood 
sample were immediately transferred to capped and heparinized tubes 
(Medical Disposable Industrial Complex, MDIC). These samples were 
used for the haematological analyses and the determination of plasma 
glucose concentration. The rest of the samples were allowed to clot for   
2 hrs at room temperature, the sera were then separated by centrifugation 
at 3000 rpm for 15 min, and stored frozen at - 20º C for further analysis.  
2.3.2 Erythrocytic indices  
 The parameters of erythrocytic indices were determined according 
to the methods described in Schalm’s Veterinary Haematology         
(Jain, 1986).  
2.3.2.1 Red blood cells count   
 The heparinized blood sample was carefully mixed. 4ml of 
erythrocyte diluting fluid (Physiologic saline, 0.85% sodium chloride 
solution) was taken in a test tube. 20 µl of the blood sample were then 
added and mixed by slow inversion. The dilution obtained was 1: 200.  
  
  
     
Plate 1. Blood sampling from the jugular  
              vein of the dromedary camel. 
  
 The cover slip was pressed on the surface of the Neubauer 
haemocytometer. The counting champer was carefully filled with mixed 
diluted sample, and then the cells were allowed to settle. The number of 
cells was counted using the microscope (Olympus, Japan) under high dry 
power    (× 40) objective. The number of erythrocytes was counted in 
each of the five squares in the central area, each of which was divided 
into 16 smaller squares. The total RBC count was obtained by 
multiplying the number of cells counted by both the dilution factor and 
the volume factor.  
 Each small square has an area of 1/400 mm2 and a depth of 1/10 mm, 
giving a volume of 1/4000 mm3. Since 80 small squares were counted, the 
total volume will be 1/50 mm3. The standard volume used in counting red 
cells is one microlitre (µl). Therefore the number of counted erythrocytes 
was multiplied by 50. 
                      RBC count (×106/µl)  = N × 50 × 200 
                                = N × 10000 
             Where          N = number of cells counted.  
 
2.3.2.2 Packed cell volume (PCV)  
 The packed cell volume of erythrocytes was determined by the 
micro-haematocrit method using a special centrifuge. The capillary tube 
(75 mm × 1.0 mm) was filled by capillarity from well mixed blood 
sample up to ¾ the length of the tube. The outside of the tube was 
  
cleaned with absorbent gauze and the opposite end was sealed with 
special clay (cristaseal). The filled tube was centrifuged at 12000 rpm for 
5 min. The PCV was measured as percentage of whole blood using the 
micro-haematocit reader.  
2.3.2.3 Haemoglobin concentration (Hb) 
 Haemoglobin concentration was determined by the cyanomethae-
moglobin method as described by Van kampen and Zijlstra (1961).  
Principles  
 Haemoglobin was determined after its oxidation into 
methaemoglobin by potassium ferriccyanide. The methaemoglobin is 
further converted into cyanomethaemoglobin by potassium cyanide. The 
intensity of absorbance of cyanomethaemoglobin is proportional to 
haemoglobin concentration.  
Test reagents  
Drabkin’s reagent 
 This reagent was prepared by dissolving the following in one litre 
of distilled water:  
i. Potassium phosphate          (2.00 mM/L).  
ii. Potassium ferriccyanide     (0.60 mM/L). 
iii. Potassium cyanide              (0.90 mM/L). 
iv. Sodium chloride                 (1.4 mM/L). 
Standard haemoglobin solution 
                       15 g Hb/dl. 
Blank solution 
  
                     Dilluted Drabkin’s reagent 1: 49. 
Procedure 
 The working reagent was prepared by diluting the Drabkin’s 
reagent with distilled water (1: 49). 10 µl of the blood sample or the Hb 
standard were mixed with 2.5 ml of the working reagent and incubated at 
room temperature for 3 minutes. The absorbance of the sample             
(A sample) and that of the standard (A standard) were read at 540nm 
wavelength against blank using a colorimeter (Lab-Tech, India).  
Calculation  
 Haemoglobin concentration was calculated from the following:  
                 Haemoglobin concentration (g/dl) = 15
dardtansA
sampleA ×  
2.3.2.4 Mean corpuscular volume (MCV)  
 The MCV was calculated from the PCV and RBC count as 
follows:  
                           MCV (fl) = 10)/10(
(%)
6 ×× lRBC
PCV
µ  
2.3.2.5 Mean corpuscular haemoglobin (MCH)  
 The MCH was calculated from the PCV and Hb as follows:  
                           MCH (pg) = 10)/10(
)/(
6 ×× lRBC
dlgHb
µ  
2.3.2.6 Mean Corpuscular haemoglobin concentration (MCHC)  
 The MCHC was calculated from the PCV and Hb as follows:  
                           MCHC (g/dl) = 100(%)PCV
)dl/g(Hb ×  
  
 
2.3.2.7 Erythrocyte osmotic fragility  
Principle  
 The red cell membrane ruptures if it swells beyond its critical 
volume. The resistance of RBC to haemolysis was measured by 
subjecting it to decreasing concentrations of sodium chloride (NaCl) 
solution (Plate 2).  
Reagents 
         Sodium chloride solutions          (0.1% - 0.9%). 
         Standard solution                      (Distilled water).  
Procedure  
      The working reagents were prepared by dissolving NaCl in 
distilled water according to the concentration required. 20µl of blood 
sample was added to 5ml of each of the NaCl solutions and the standard 
solution, mixed by gentle inversion and incubated at room temperature 
for 30 minutes. 
 All tubes were centrifuged at 2000 rpm for 10 minutes, and 3.5 ml 
of the supernatant was transferred to a cuvette. The absorbances of the 
sample (A sample) and the standard (A standard) were read at 540 nm 
against blank (Distilled water) using a colorimeter (Lab-Tech, India).  
 
 
  
Plate 2. Osmotic fragility test showing the complete haemolysis  
               of RBC at 0.1% and 0.2% NaCl solutions and the 
              standard tube.
                               0.1        0.2      0.3       0.4       0.5        0.6        0.7       0.8      0.9   Standard 
  
100
dardtansA
sampleA ×
Calculation  
 The haemolysis of RBC was calculated as follows:  
 
                      Haemolysis (%) = 
 
2.3.3 Differential leukocyte count (DLC) 
 The percentages of neutrophils, lymphocytes, monocytes, 
eosinophils and basophils were determined microscopically from a count 
of 100 leukocytes in thin May-Grünwald-Giemsa stained blood smears 
(Kelly, 1984).  
Preparation of blood film 
 The blood smear was prepared immediately after the collection of 
blood by placing a drop of blood in the centre line at the end of a clean 
slide, then the blood was spread using the spreader slide. The smear was 
dried at room temperature and fixed by placing it in absolute methyl 
alcohol for 5 min.  
Staining the blood film 
 May-Grünwald stain was prepared by transferring 0.15 g of 
powder to a dry brown bottle; 100 ml of methanol was added to the stain 
and well mixed.  
 Giemsa stain was prepared by transferring 3.8 g of Giemsa 
powder to a dry brown bottle; 250 ml of methanol was added to the stain 
and well mixed. Then 250 ml of glycerol was added to the stain and 
  
mixed well. The stock solution of the stain was kept at room 
temperature, and was diluted 1: 10 with distilled water.  
 The smear was covered by May-Grünwald stain for 5min, and 
then the smear was stained with diluted Giemsa stain for 15 min. The 
smear was rinsed well with distilled water and dried.  
Counting leukocytes 
 The blood film was examined by the microscope (Olympus, 
Japan) using the oil immersion lens (×100). Battlement method was used 
for the examination of the blood film to give representative sampling of 
all parts of the film. The DLC was performed in duplicate by counting 
and classifying 100 leukocytes.  
 
2.3.4 Blood metabolites  
2.3.4.1 Serum total protein 
 Serum total protein was determined by the Biuret reagent method 
according to King and Wooton (1965).      
Principle 
 The copper ions in alkaline solution react with the peptide bonds 
of protein producing a violet colour, the shade of colour being different 
with different protein concentrations.  
 
 
 
  
 
Reagents  
Biuret reagent (stock reagent)  
 Nine grams of sodium potassium tertrate were dissolved in 500 ml 
NaOH (0.2N). 3 g of Copper sulphate (CuSO2.7H2O) and 5.0 g of 
potassium iodide were added and the volume was made up to 1 litre with 
NaOH (0.2N) solution. 
Working reagent       
 The working reagent was prepared by diluting 50 ml of stock 
reagent to 250 ml with NaOH (0.2N) solution.  
Standard protein solution  
7.5 g of bovine albumin were dissolved in 100 ml of distilled 
water. 
Procedure  
 The test and standard solutions were prepared by mixing 0.2 ml of 
serum or standard with 3 ml of working reagent, respectively. The blank 
was prepared by mixing 0.2 ml of distilled water with 3ml of working 
reagent. Each of the test, standard and blank tubes were thoroughly 
mixed and allowed to stand for 10 min at 37ºC in a water bath. The 
absorbance of the sample (A sample) and the standard (A standard) were 
read at 540 nm against the blank reagent using a spectrophotometer 
(UNICAM 8625 UV/VIS, England).  
Calculation 
  
Serum total protein concentration (g/dl) = 5.7dardtansA
sampleA ×      
 
2.3.4.2 Serum albumin  
 Serum albumin concentration was determined according to the 
method described by Batholomew and Delany (1966).  
Principle 
 This method depends on dye binding. Bromocresol green (BCG) 
as an indicator makes a quantitative binding with albumin and gives 
green colour at low pH (3.8 - 5.0).  
Reagents  
Bromocresol green (BCG) stock reagent 
 0.598 g BCG was dissolved in 9.5 ml NaOH (0.1N) and 
completed to 100ml with distilled water. 
Buffer reagent 
i. Sodium citrate                 (29.4 g/100 ml). 
ii. Citric acid                        (21.0 g/100 ml).  
Standard bovine albumin 
                         5 g/100 ml. 
Procedure 
 To prepare BCG working reagent, 6 ml of stock BCG was mixed 
with 32 ml of citric acid and 17.3 ml of sodium citrate, then completed to 
1 litre with distilled water, and the pH was adjusted at 3.8.  
  
0.2 ml of the sample and the standard were pipetted into test tubes. 
4 ml of the working BCG was added to each test tube and mixed. 4ml of 
working BCG reagent was used as a blank. The absorbance of the 
sample (A sample) and the standard (A standard) were read at 640nm 
against the blank using a spectrophotometer (UNICAN 8625 UV/VIS, 
England).  
Calculation  
 The concentration of albumin (g/dl) =  5
dardtansA
sampleA ×     
2.3.4.3 Serum globulins  
 The concentration of serum globulins was calculated by 
subtracting the concentration of serum albumin from the concentration of 
serum total protein.  
2.3.4.4 Plasma glucose  
 Plasma glucose level was determined by the enzymatic 
colorimetric method using a kit (Plasmatec Laboratory Products Ltd, 
Germany).  
 
Principle 
 Plasma glucose concentration is determined by enzymatic 
oxidation in the presence of glucose oxidase (GOD). The hydrogen 
peroxide formed reacts, under catalysis of the peroxidase (POD), with   
4-amino-antipyrine and phenol to form a red quinoneamine dye as 
indicator.  
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OHequinoneadphenolantipyrineoaOH POD 222 4minRemin42 +⎯⎯→⎯+−−+
 
 
Reagents  
Enzyme reagents  
i. Glucose oxidase                    (12000 IU/L).  
ii. Peroxidase                             (660 IU/L). 
iii. 4-amino-antipyrine                (0.4mM/L).  
Buffer solutions  
i. Phosphate buffer, pH 7.5       (150mM/L). 
ii. Phenol                                    (7.50mM/L). 
Standard glucose solution  
                 100 mg/dl. 
Procedure 
 10 µl of the sample and the standard were pipetted into test tubes. 
1ml of the reagent was added to each test tube, mixed and incubated for 
15 min at room temperature. The absorbance of the sample (A sample) 
and the standard (A standard) were read at 520 nm against blank within 
60 minutes using a colorimeter (Lab-Tech, India).  
Calculation  
The concentration of glucose (mg/dl) = 100
tan
×
dardsA
sampleA
    
2.3.4 Serum urea  
  
The concentration of serum urea was determined by the 
colorimetric method (Evans, 1968).  
 
 
Principle 
 The method is based on modification of urea reaction with 
diacetylmonoxime (DAM) at high temperature in an acid medium in the 
presence of thiosemicarbazide (TSC). 
Reagents 
Stock reagent of DAM 
The stock reagent DAM (2.5%) was prepared by dissolving 2.5 g 
of DAM in 100 ml of distilled water. 
Stock reagent of TSC 
The stock reagent TSC (0.25%) was prepared by dissolving 0.25 g 
of TSC in 100 ml of distilled water. 
Working reagent DAM / TSC 
The working reagent was prepared by adding 10 ml of stock DAM 
to 10 ml of stock TSC and the volume was made up to 100 ml by 
distilled water. 
Acid reagent 
Acid reagent was prepared by mixing 1 litre of distilled water,    
80 ml of concentrated sulphuric acid (H2SO4), 10 ml of 80% phosphoric 
acid (H2PO4) and 10 ml of 5% ferric chloride (FeCl3). 
 Colour reagent 
  
The colour reagent was prepared by adding 25 ml of acid reagent 
to 5 ml of DAM / TSC working reagent. 
 
 
Blank reagent (TCA)  
50 ml of 10% TCA was placed in a volumetric flask, and the 
volume was made up to 100 ml with distilled water. 
Urea stock standard 
Urea stock standard was prepared by dissolving 10 mg of urea in 
100 ml of distilled water. The working standard solution was prepared 
from the stock standard solution by adding 10 ml of the stock standard to 
50 ml of 10% trichloroacetic acid (TCA), and the volume was made up 
to 100 ml by distilled water. 
Procedure 
Two ml of serum were added to 0.8 ml of distilled water in a 
centrifuge tube and followed by 1ml of TCA (10%). The solution was 
well mixed and centrifuged at 3000 rpm for 5 min. 0.5 ml of the 
supernatant, the working standard and the blank reagent TCA (5 %) were 
pipetted into test tubes. 5 ml of colour reagent was added to each tube, 
well mixed, placed in boiling water for 5 mim and cooled. The 
absorbance of sample (A sample) and standard (A standard) were read at 
520 nm against the blank using a spectrophotometer (UNICAM 8625   
UV/ VIS, England). 
Calculation 
  
The concentration of serum urea (mg/dl) = 10tan
×
dardsA
sampleA
 
 
 
2.3.4.6 Serum creatinine 
Serum creatinine concentration was determined by a colorimetric 
method as described by Henry (1974). 
Principle 
Creatinine is an alkaline substance that reacts with picric acid to 
form a coloured complex. The intensity of the colour is directly 
proportional to the creatinine concentration. 
Reagents 
i. Picric acid                              (35 mM/L). 
ii. Sodium hydroxide                 (0.32 M/L). 
iii. Standard creatinine                (2 mg/100 ml). 
 
Procedure 
To prepare the working reagent, equal volumes of picric acid and 
sodium hydroxide were mixed. 0.2 ml of the sample and the standard 
were pipetted in clean test tubes. 1ml of the working reagent was added, 
well mixed and allowed to stand for 30 min at room temperature. The 
initial absorbance (A1) of the sample and the standard were read at a 
wavelength of 490 nm using a spectrophotometer. Exactly after two 
minutes the second absorbance (A2) was read.  
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2 OH13CholestenOlCholestero +−−⎯⎯⎯⎯⎯ →⎯+
Calculation    
Serum creatinine concentration was calculated as follows:                
                             
)dardtansorsample(AAA 12 ∆=−  
Creatinine concentration (mg/dl) = 2dardtansA
sampleA ×∆
∆
 
2.3.4.7 Serum cholesterol  
 Serum cholesterol concentration was determined by enzymatic 
method using a kit (United Diagnostic Industry, Saudi Arabia).  
Principle 
 The test principle is based on producing hydrogen peroxide during 
the oxidation of cholesterol. Hydrogen peroxide conjugates with 4-amino 
antipyrine and phenol under the catalysis of peroxidase to from a 
quinoneamine red dye which is proportional to the concentration of 
cholesterol in the sample.  
AcidsFattylCholesteroesterslCholestero esteraselCholestero +⎯⎯⎯⎯⎯ →⎯  
 
OHeQuinoneaphenolantipyrineoaOH Peroxidase 222 4minmin42 +⎯⎯⎯ →⎯+−−+
 
Reagents  
Enzyme reagent  
i. 4-amino-antipyrine                   (0.6 mM/L).  
ii. Cholesterol esterase                (> 150 IU/L).  
iii. Cholesterol oxidase                 (200 IU/L).  
iv. Horseredish peroxidase           (> 1000 IU/L).  
  
Cholesterol buffer  
i. Phosphate buffer, pH 6.3        (50 mM/L).  
ii. Phenol                                     (25 mM/L). 
iii. Sodium cholate                       (200 mM/L). 
Cholesterol standard 
                    200 mg/dl. 
Procedure 
 The working reagent was prepared by dissolving the enzymes with 
the buffer. 10 µl of the sample and the standard were mixed with 1ml of 
the working reagent. The mixture was incubated at 37º C for 10 min and 
the absorbance of the sample (A sample) and the standard (A standard) 
were read at 505 nm against reagent blank using a spectrophotometer 
(UNICAM 8625 UV/VIS, England).  
Calculation  
        Serum cholesterol concentration (mg/dl) = 200dardtansA
sampleA ×   
2.3.4.8 Serum triglycerides  
 Serum triglycrides concentration was determined by enzymatic 
method using a kit (United Diagnosis Industry, Saudi Arabia).  
Principle 
 The triglycerides are enzymatically hydrolyzed to glycerol and 
fatty acids as follows:   
AcidsFattyGlycerolOHdesTriglyceri Lipase2 +⎯⎯ →⎯+  
  
⎯⎯⎯ →⎯Peroxidase
ADPphosphate3GlycerolATPGlycerol naseGlycerolki +−−⎯⎯⎯⎯ →⎯+  
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H2O2+4-amino-antipyrine + 4 - Chlorophenol                   Quinoneamine dye + 2H2O   
 
  
Reagents 
Buffer reagent 
i. Pipes buffer, pH 7.5                              (40 mM/L).  
ii. 4-chlorophenol                                      (5.0 mM/L).  
iii. Magnesium ions                                    (5.0 mM/L).  
Enzyme reagent 
i. Glycerol-3-phosphate oxidase (GPO)    (7000 IU/L).   
ii. ATP                                                       (3.3 mM/L).  
iii. 4-aminoantipyrine                                 (0.7 mM/L).  
iv. Sodium azide                                         (0.01 %). 
v. Lipase                                                    (200000 IU/L).  
vi. Glycerol kinase (GK)                            (100 IU/L).  
vii. Peroxidase                                              (3000 IU/L).   
Standard reagent  
Glycerol equivalent to triglycerides concentration of 200 mg/dl.  
Procedure 
The working reagent was prepared by dissolving the enzyme 
reagent with the buffer. 10 µl of the sample and the standard were mixed 
with 1ml of the working reagent. The mixture was incubated at 37º C for 
10 minutes. The absorbance of the sample (A sample) and the standard 
(A standard) were read at 505nm against the reagent blank using a 
spectrophotometer (UNICAM 8625 UV / VIS, England).  
 
  
Calculation   
 Serum triglycrides concentration was calculated as follows:  
                   Triglycerides concentration (mg/dl) = 200dardtansA
sampleA ×  
2.3.5 Serum minerals  
2.3.5.1 Phosphorus (P)  
 Serum phosphorus concentration was determined by the 
colorimetric methods described by Varley (1967).  
Principle 
 Phospholipids are precipitated with TCA and oxidized to 
phosphate with perchloric acid and hydrogen peroxidase. Phosphate 
forms a colour complex with molybdate and vandate in the presence of 
nitric acid.  
Reagents 
Ammonium molybdate solution  
 15 g of ammonium molybdate was dissolved in 400ml of distilled 
water, then 100 ml of 10 % sulphuric acid was added, and the volume 
was completed to 800 ml with distilled water.  
P-methyl aminophenol (metol) solution  
 One gram of P-methyl aminophenol was dissolved in 100 ml of    
3 % sodium bisulphate (Na2S2) solution.  
 
 
 
  
Standard solution  
 0.2197g of potassium dihydrogen phosphate (KH2PO4) was 
dissolved in 1 litre of distilled water, and a few drops of chloroform were 
added. 
Procedure 
 One ml of the serum sample was added to 9 ml of TCA (10 %) 
and centrifuged at 3000 rpm for 5 min. The sample, the standard and the 
blank were prepared by pipetting 5 ml of the sample supernatant, 
standard and TCA separately in 3 test tubes. One ml of ammonium 
molybdate and 1ml of metol were added to each test tube, well mixed 
and allowed to stand for 30 min at room temperature. The absorbance of 
sample (A sample) and standard (A standard) were read at 680nm 
against the reagent blank using a spectrophotometer (UNICAM 8625 
UV/VIS, England).  
Calculation  
    Serum phosphorus concentration (mg/dl) = 5dardtansA
sampleA ×   
 
2.3.5.2 Calcium (Ca)  
 Serum calcium concentration was measured by the colorimetric 
method described by Trinder (1964).  
Principle 
 This method is based on the fact that calcium ions (Ca+2) form a 
violet complex with ethanolamine in alkaline medium.  
  
Reagents 
Chloranilic acid (0.5%)  
 0.8 g of chloranilic acid was dissolved in 100ml of distilled water 
containing 0.4 ml of ethanolamine, and 50 g of sodium cyanide was then 
added. The solution was allowed to stand for 18 hrs and the clean upper 
layer was taken and stored in the refrigerator (4 ºC).  
Ferric nitrate (0.4%) 
 10 g of ferric nitrate were dissolved in 200 ml of distilled water, 
and 30 ml of H2SO4 was added. The volume was made up to 250 ml with 
distilled water.  
Standard stock solution  
 0.25 g of calcium carbonate was dissolved in 100 ml of HCl 
(0.1N). Working standard solution was prepared by diluting 4 ml of 
stock standard solution in 100 ml of distilled water. 
Procedure 
 0.5 ml of serum and working standard were pipetted into two test 
tubes. 1ml of chloranilic acid was added to each tube. Both tubes were 
centrifuged at 3000 rpm for 5 min. The supernatant was decanted and the 
tubes were drained on clean filter paper. The precipitate was washed 
with 0.5 ml distilled water, centrifuged at 3000 rpm, decanted and 
washed again. The precipitate was dissolved in 4 ml of 0.4% ferric 
nitrate and left to stand for 5 min. The absorbance of sample (A sample) 
and standard (A standard) were read at 500 nm against blank of ferric 
  
nitrate solution using a spectrophotometer (UNICAM 8625 UV/VIS, 
England).  
Calculation  
                   Serum calcium concentration (mg/dl) = 10dardtansA
sampleA ×   
2.3.5.3 Sodium (Na)  
 Serum Na concentration was determined by flame photometer 
technique described by Wooton (1974).   
Reagents 
High Na standad 
                 High Na standard solution was prepared by dissolving 9.35g 
of sodium chloride in 1 litre of distilled water (160 mEq/L). 
Low Na standard 
 Low Na standard solution was prepared by dissolving 8.18g of 
sodium chloride in 1 litre of distilled water (140 mEq/L).  
 
Procedure 
0.1 ml of serum was diluted with 9.9 ml of distilled and deionized 
water in a test tube and well mixed. The Na light filter was adjusted. The 
zero reading was adjusted by distilled and deionized water and the high 
reading was adjusted to full scale of 100 using high Na standard solution. 
Samples and low standard were read using a flame photometer          
(400 Corning, England).  
 
  
Calculation  
Serum sodium concentration was calculated as follows:  
                    Na (mEq/L) = 140dardtansNalowtheofadingRe
sampleserumdilutedtheofadingRe ×  
2.4 Milk analysis  
2.4.1 Moisture and dry matter (DM)  
 Milk moisture and dry matter contents were determined by forced 
draft oven method (Marshall, 1993).  
Principle 
 Moisture is removed from the sample by heating at 103ºC in a 
forced draft oven for 3 hrs.  
Procedure  
 Clean aluminium crucible was dried in a forced draft oven at 
103ºC for at least 3hrs, and stored in a clean desiccator. 5 g of milk 
sample were weighed accurately into a pre-weighed aluminum crucible 
using a sensitive balance. The crucible was placed on steam dryer for              
30 min, then transferred to an oven at 103 + 1ºC and kept for 3 hrs. The 
crucible was removed from the oven, cooled in a desiccator, and then 
weighed on a sensitive balance.  
Calculation  
                                    Moisture (%) =    100W
WW
1
21 ×−  
                                            DM (%) =       100W
W
1
2 ×  
  
Where    W1 = Weight of sample before drying.  
                 W2 = Weight of sample after drying.  
 
2.4.2 Fat    
              Milk fat content was determined using Gerber method 
(Marshall, 1993). 
Principle  
 Milk protein content is digested by sulphuric acid, and the fat 
content is determined as percentage using amyl alcohol extraction.  
Reagents  
 Sulphuric acid                (specific gravity = 1.81).    
Amyl alcohol                 (specific gravity = 1.81).    
Procedure 
 10 ml of sulphuric acid was measured in a Gerber butyrometer. 
10ml of well mixed milk sample was withdrawn. Milk was allowed to 
drain slowly into the Gerber Butyrometer slowly to avoid the violent 
reaction with acid. 1ml of amyl alcohol was added and the lock stopper 
was inserted. The content was shaked until completely digested, then 
centrifuged at 11000 rpm for 5 min, and placed in a water bath at 65ºC 
for 5 min leaving only the bulb exposed. Fat content was read from the 
percent graduation.  
 
Calculation  
                      Fat (%) = the upper reading – the lower reading 
  
2.4.3 Protein  
 Milk total protein content was determined using Kjeldahl method 
(Marshall, 1993).  
Reagents 
Catalyst tablets  
Each tablet contains 1 g of sodium thiosulphate (Na2SO4) and the 
equivalent of 1g mercury.  
Boric acid 
 20 g boric acid was dissolved in 1 litre of distilled water  
Sodium hydroxid (NaOH)  
 40 g of NaOH was dissolved in 100ml of distilled water.  
Indicator 
 20 ml of 0.05% (w/v) methyl red solution was dissolved in 80 % 
methanol and mixed with 4 ml of 0.2% (w/v) methylene blue solution in 
distilled water.  
Procedure 
 10 ml of milk sample was weighed into a kjeldahl digestion flask. 
25 ml of concentrated sulphuric acid and 2 tablets of kjeldahl catalyst 
were added to the flask, and then placed on a heater for 3 hrs or until the 
solution becomes clear.  
 The flask was cooled to room temperature and the solution was 
diluted to 100 ml by distilled water using a graduated volumetric flask.  
5 ml of the sample was transferred to another flask and placed in a 
distiller. Then 14 ml of 40% sodium hydroxide was added. The distillate 
  
was received in a conical flask containing 25 ml of boric acid and 
indicator solution until the volume reached 75 ml. The sample was then 
titrated with HCl (0.1N). 
Calculation 
                          Milk protein (%) =   sampleofweight
10038.620014.0NT ×××××
 
Where         T = Titration volume.    
                             N = Normality of HCl. 
  
2.4.4 Ash 
 Milk ash was determined by gravimetric method (Marshall, 1993).  
Principle  
 The principle of the method is to burn all organic matter at a 
temperature of 540 to 550 ºC.  
Procedure  
 5 g of milk was weighed accurately into a dry clean pre-weighed 
crucible. The sample was burnt in a muffle furnace at 550 ºC for 90 min. 
The residue was cooled, placed in a desiccator and then weighed.  
Calculation 
                     Ash (%) =   100sampleofWeight
residueofWeight ×  
 
 
 
  
2.4.5 Lactose  
 Milk lactose content was calculated by subtracting protein, fat and 
ash contents from the dry matter (DM).  
                     Lactose (%) = DM (%) – (Protein % + Fat % + Ash %) 
 
2.5 Analysis plants  
2.5.1 Moisture and dry matter (DM)   
 Dry matter content was determined according to the method of 
AOAC (1984).  
Procedure 
 2 g of sample was weighed using a sensitive balance, transferred 
to a pre-weighed crucible, placed in an oven at 105 ºC and left overnight. 
The crucible was placed in a desiccator, allowed to cool and then 
weighed.  
Calculation  
                             Moisture (%) = 100
WW
W)WW(
12
s12 ×−
−−
 
                             
                            Dry matter content (%) = 100
WW
W
12
s ×−  
 
Where           W1 = Weight of empty crucible. 
                     W2 = Weight of crucible with dried sample. 
                     Ws = Weight of sample after oven drying.  
 
 
  
2.5.2 Ether extract (EE)  
 Fat content was determined using Soxhlet apparatus according to 
the method of AOAC (1984).  
 
Procedure 
 A dry empty extraction flask was weighed. 2 g of sample was 
weighed and placed in a filter paper. The filter paper was then placed   in 
an extraction thimble free from fat and covered with cotton wool. The 
thimble was placed in an extractor. Extraction was carried out for 7 hrs 
with petroleum spirit. The residual spirit was dried by evaporation and 
the extraction was placed in an oven to dry completely. The extraction 
was then cooled in a desiccator and weighed.  
Calculation  
                                Ether extract (%) = 100
W
WW
s
12 ×−  
Where          W1 = Weight of empty crucible. 
                     W2= Weight of crucible with dried sample. 
                     Ws = Weight of sample after oven drying.  
 
2.5.3 Crude protein (CP) 
 The crude protein content was determined by the Kjeldahl method 
according to AOAC (1984).  
  
Procedure  
Digestion 
 0.2 g of sample was weighed and placed in a small digestion flask. 
0.8 mg catalyst mixture (96% anhydraous sodium sulphate, 3.5% copper 
sulphate and 0.5% selenium dioxide) and 3.5 ml of 98% (w/w) H2SO4 
were added. The contents were heated on an electric heater for 2 hrs. The 
digestion tubes were then removed from the digester and allowed to 
cool.  
Distillation  
 The digested sample was transferred to the distillation unit using a 
minimum volume of distilled water and made alkaline with concentrated 
aqueous alkali (20 ml of 40% sodium hydroxide). The ammonia was 
distilled in 2% boric acid solution (10 ml), plus methyl red indicator (3 - 
4 drops) for 5 - 10 min.  
Titration 
 The content of the receiver flask was titrated against HCl (0.2N) 
and the titrant volume was recorded.  
Calculation 
                          Crude protein (%) = 100
1000W
25.610014N)BT(
s
××
××××−
 
Where           T   = Titration reading.   
                     B   = Blank titration reading. 
                    N   = Normality of HCl.  
                    Ws = Weight of sample.  
  
2.5.4 Crude fibre (CF)  
 Crude fibre content was determined according to the method of 
AOAC (1984).  
 
Procedure 
 1 g of defatted sample was accurately weighed into a fibre 
crucible, and then transferred to fibertic system 1010 heat extractor. The 
sample was then digested with preheated H2SO4 (0.26 N) for 30 min. 
The sample was washed twice with hot water and the digestion was 
repeated using KOH (0.28 N) for 30 min. Again the sample was washed 
with hot water. The crucible with sample was allowed to cool and 
weighed. Finally, the sample was ashed in a muffle furnace at 450ºC for 
3 hrs and allowed to cool and reweighed. 
Calculation  
                                  Crude fibre (%) = 10012 ×−
sW
WW
 
Where           W1 = Weight of crucible with sample after ashing. 
                      W2 = Weight of crucible with sample before ashing.   
                      Ws = Weight of sample.  
 
 
 
 
 
  
2.5.5 Ash 
 Ash content of the sample was determined according to the 
method of AOAC (1984).  
Procedure  
 An empty crucible was weighed, and then accurately 2 g of 
sample was placed in it. The sample was placed in a muffle furnace at 
550ºC for 3 hrs. The crucible was removed from the furnace to a 
desiccator, allowed to cool and then weighed.  
Calculation  
                             Ash content (%) = 100
W
WW
s
12 ×−  
Where        W1 = Weight of empty crucible.  
                  W2 = Weight of crucible with ash. 
                  Ws = Weight of sample.  
 
2.5.6 Nitrogen free extract (NFE) 
 Nitrogen free extract was calculated by subtracting ether extract 
(EE), crude protein (CP), crude fibre (CF) and ash from                       
dry matter (DM).  
            Nitrogen free extract (%) = DM % – (EE % + CP % + CF % + Ash %) 
 
2.6 Study plan 
 This study was designed to investigate the effects of season (dry - 
versus green season), age and sex on the blood constituents of the one 
humped camels (Camelus dromedarius) and the seasonal variation in the 
  
milk composition of lactating camels. Also it was intended to monitor 
the seasonal variation in forage composition and plant species selected 
by camels.  
           A total number of 210 blood samples collected from apparently 
healthy one humped camels (Camelus dromedarius) of different age and 
sex groups were used in this study. 110 blood samples were collected 
during the dry season (March - May, 2003) while 100 blood samples 
were collected during the green season (August - September, 2003). 
More details about the number of animals in the different study groups 
are shown in Table 1.  
 Milk samples were also collected randomly from she-camels 
(Plate 3). The milk samples were kept at – 20ºC for subsequent analysis. 
A total number of 50 milk samples were collected, half of which were 
collected during the dry season while the other half were collected 
during the green season.  
 Samples of parts of trees, bushes and grasses browsed or grazed 
by camels were also collected during both dry and green season. The 
samples were air dried and kept in clean small plastic bags for 
subsequent analysis. The types of plant species browsed or grazed by 
camels were recorded based on several field trips in Southern Darfur. 
The specific names of plant species were obtained from the National 
Herbarium, Nyala and cited from previous reports (Andrews, 1950, 
1952, 1956; Von Maydel, 1986).  
 
 
  
 
 
 
 
 
Table 1. The number of animals in the different study groups.  
 Number of animals 
 Dry season  Green season  
Total  
Adult males  25 23 48 
Young males  21 30 51 
Adult females  53 35 88 
Young females  11 12 23 
Total  110 100 210 
  
 
Plate 3. Milk sampling from the udder of she - camel. 
  
2.7 Statistical analysis  
 The data obtained from the blood and milk samples collected from 
the camels and the plants samples collected during the two seasons have 
been subjected to standard methods of statistical analysis.  
 The statistical analysis was performed using windows based SPSS 
(Version 10.01, 1999). The analysis of variance (ANOVA) test was used 
to evaluate the effects of season, age and sex on blood constituents of the 
camels. Student t-test was used to evaluate the effect of season on milk 
composition of lactating camels and on the composition of plants parts 
that were browsed or grazed by camels. The results of statistical analysis 
are summarized in Tables and presented in details in the Appendices   
A2, A3.    
  
CHAPTER THREE 
RESULTS 
3.1 Climatic data 
 The prevalent maximum and minimum ambient temperature (Ta), 
rain fall and relative humidity (R.H.) during the survey period in the dry 
(March - May, 2003) and green season (August - September, 2003) are 
shown in Fig. 2.  
 The highest mean values of maximum and minimum ambient 
temperature (ºC) and the minimum mean value of rain fall (mm) were 
recorded in March during the dry season, while the maximum mean 
value of rainfall was recorded in August during the green season. The 
minimum mean value of R.H. (%) was recorded in April during the dry 
season, while the highest mean value was recorded in August during the 
green season.  
3.2 General observations on the browsing and grazing behaviour of 
        camels                    
 Camels were observed to be selective browser and grazer during 
green season, where plenty of forage was available (Plate 4). On the 
other hand, camels were observed to consume whatever plants available 
to fulfil their needs during the dry season (Plate 5). However, it has been 
observed that camels concentrate on certain evergreen trees and bushes 
during the dry season (Plate 6). Camels usually browse evergreen plants 
in the dry season together with dry grasses. Furthermore, camels were 
observed to browse trees as well as bushes which contain leaves, young 
twigs, fruits and flowers in the dry wadi beds (Plate 7).  
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Fig. 2. Meteorological data during the study period (March - 
Septemper, 2003) at Nyala. 
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Plate 4. Camels grazing on green grasses during the green  
               season.  
Plate 5. Camels grazing on dry grasses during the dry season. 
  
Plate 6. Green trees are important during the dry 
               season  when the herb layer disappears.  
Plate 7. Camels are very versatile feeders. They feed on  
              coarse perennial grasses, shrubs and trees.   
  
 In the green season, camels were observed to take several 
mouthfuls of grasses and herbs indiscriminately from the plant before 
moving to another (Plate 8). Camels did not stay long on a single 
species, but were observed to take several mouthfuls and to move to 
another or to the same species browsing young green stems or branches 
with or without thorns and  together with leaves, young growing shoots, 
flowers and fruits. The bifid upper lip of camels makes it easy to select 
small leaves from among stems, dense branches or tall thorns (Plate 9). 
The anatomical adaptations such as the mobile and prehensile split upper 
lip, the long tongue and the horny nature of the oral cavity make the 
camel a suitable browser rather than grazer (Plates 6, 7, 9, 10 and 11). 
Moreover, camels as browsers are characterized by stretched necks, 
extended heads and tongues to grasp thorny twigs (Plate 12).         
 Camels are selective feeders not only with regard to plants, but 
also in respect of the part of the plants they eat (Plate 13, 14). Camels on 
natural range browse and graze at any time of the day. Nevertheless, 
during very hot weather, they tend to avoid feeding during the hottest 
period of the day and adopt positions which reduce heat gain and 
conserve energy (Plate 15).  
  
   
  
  
Plate 8. Camel’s bite after grazing (Ipomea spp.). 
Plate 9. Camels browse leaves between thorns as well as  
              ingesting thorns. 
  
Plate 10. The prehensile lips allow camels to pick even  
                small leaves (Acacia seyal).  
Plate 11. The bifid upper lip allows camels to pick even  
                small leaves (Acacia nilotica).   
  
Plate 13. Camels select with great accuracy plant  parts of  
                 higher digestibility.   
Plate 12. Camels can browse to heights as long as 2m 
                above ground.                                                  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Plate 15. Adaptation position to decrease water and energy  
                losses in the dromedary camel.   
Plate 14.Camels browse a very wide range of  species of trees.  
  
There are many plant species which are selected by camels. They browse 
and graze almost all kinds of vegetation from one season to another. The 
different types of forage species selected by free ranging camels in 
Southern Darfur during both dry and green season are shown in Tables 2 
and 3. 
 Table 2. Forage species selected by free ranging camels during the dry season in Southern Darfur. 
A. Trees and shrubs 
Family Botanical Name Vernacular Name Part(s) consumed 
Anacardiaceae Sclerocarya birrea Hummaid Fresh branches + fruits (No leaves) 
Balanitaceae Balanites aegyptiaca Higeleeg  Fresh leaves + twigs  
Bauhinia rufescens  Kulkul  Fresh leaves + pods  
Piliostigma reticulatum  Kharrub  Fresh leaves + branches  Caesalpiniaceae  
Tamarindus indica  Aradaib  Fresh twigs + branches  
Combretum aculeatum  Shihhait  Fresh leaves + twigs  
Combretum glutinosum  Habbeil  Fresh leaves + branches  Combretaceae  
Guiera senegalensis   Khibbaish  Fresh leaves + twigs  
Capparidaceae  Cadaba farinosa  Sirraih  Fresh leaves 
Ebenaceae  Diospyros mespiliformis  Jokhan  Fresh leaves + branches 
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Acacia nilotica  Sonot  Fresh leaves + branches +fruits 
Acacia seyal  Talih  Fresh leaves + twigs  
Acacia sieberiana  Kuk  Fresh leaves + young shoots  
Acacia senegal  Hashab  Fresh twigs + fresh leaves  
Albizzia amara  Arad  Fresh twigs  
Faidherbia albida  Haraz  Fresh twigs 
Mimosaceae  
Dichrostachys cinerea  Kadad  Fresh twigs 
Olacaceae  Ximenia americana  Midaica  Fresh leaves + young shoots 
Papilionaceae  Dalbergia melanoxylon  Babanus  Fresh leaves 
Rhamnaceae  Ziziphus spina-christi  Sidir  Fresh leaves + young shoots 
Rubiaceae  Gardenia lutea Abungawi  Fresh leaves + flowers  
Tiliaceae  Grewia tenax  Giddaim  Fresh twigs + flowers 
Ulmaceae  Celtis integrifolia  Mahajiria  Fresh leaves +branches  
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B.Grasses and herbs 
Asclepiadaceae  Leptadenia lancifolia  Shalob  Green entire plant  
Cucurbitaceae  Citrullus lanatus  Battaikh  Fruit + dry entire plant 
Fabaceae  Arachis hypogaea  Ful Sudani   Dry entire plant  
Lepidaceae  Sesamum orientale Simsim  Dry strubble  
Abutilon figarianum  Nada  Dry strubble  
Malvaceae  
Hibiscus sabdariffa  Karkaday  Fry strubble  
Erogrostis aspera  Awish  Dry plant  
Poaceae  
Pennisetum spp.  Dukhun  Dry strubble  
89 
 
 Table 3. Forage species selected by free ranging camels during green season in Southern Darfur. 
A. Trees and shrubs 
Family Botanical Name Vernacular Name Part(s) consumed 
Balanitaceae  Balanites aegyptiaca  Higeleeg  Fresh leaves + twigs 
Bombacaceae  Adansonia digitata Tabaldi  Fresh leaves + young shoots  
Bauhinia rufescens  Kulkul  Fresh leaves  
Caesalpiniaceae  
Tamarindus indica  Aradaib  Fresh twigs + branches  
Capparidaceae  Caparis decidua  Tundub  Fresh branches  
Anogelssus lelocarpus  Sahab  Fresh twigs + flowers  
Combretaceae  
Combretum aculeatum  Shihhait  Fresh leaves  
Acacia mellifera  Kittir  Fresh leaves + young shoots  
Acacia nubica  Laoat  Fresh twigs  
Acacia nilotica  Sonot  Fresh twigs  
Acacia senegal  Hashab  Fresh twigs + flowers  
Acacia tortilis  Sayal  Fresh twigs + young shoots  
Mimosaceae 
Albizzia amara  Arad  Fresh twigs + branches  
Meliaceae  Khaya senegalensis Muhogani  Fresh leaves + young shoots  
Rhamnaceae  Ziziphus spina-christi  Sidir  Fresh leaves  
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 B. Grasses and herbs  
Convovulaceae  Ipomea spp .  Hantut  Green entire plant  
Cucurbitaceae  Cucumis sativus  Abuajour Fruit + green entire plant  
Fabaceae  Arachis hypogaea  Ful Sudani   Green entire plant 
Cenchrus biflorus  Huskaneet  Green entire plant 
Dactyloctenium aegyptium  Abuasabi  Green entire plant Poaceae  
Echinochloa colonum  Diffra  Green entire plant 
Zygophyllaceae  Tribulus terestris  Deraisah  Green entire plant 
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3.3 Seasonal variation in the chemical composition of plants selected  
       by camel 
 The chemical composition of pasture plants browsed and grazed by 
camels during the dry and green season is shown in Table 4. Dry matter 
(DM) content of pasture plants selected by camels was significantly (P < 
0.05) higher during the green season compared to the dry season. There was 
no significant difference in ether extract (EE) content of pasture plants 
selected by camels during both seasons. Crude protein (CP) content of 
pasture plants selected by camels was significantly (P < 0.05) higher during 
the dry season compared to the green season. Moreover, the chemical 
composition of pasture plants selected by camels during the dry season 
showed significantly (P < 0.05) higher crude fibre (CF) and nitrogen free 
extract (NFE) contents compared to those of green season. The ash content 
of pasture plants selected by camels during the green season was 
significantly (P < 0.05) higher compared to the value obtained in the dry 
season.  
3.4 Seasonal variation in blood constituents of camel  
3.4.1 Erythrocytic indices 
 Changes in camel erythrocytic indices during the dry and green 
season are presented in Table 5. Total RBC count was significantly       (P < 
0.05) higher during the dry season compared to green season. The 
concentration of haemoglobin (Hb) and the packed cell volume (PCV) did 
not show any significant seasonal variation. The calculated value of MCV 
and MCH were significantly (P < 0.05) higher during the green season 
  
compared to the dry season. However, the MCHC revealed no significant 
difference related to season.  
 
 
 
 
 
Table 4. Seasonal variation in the chemical composition (%) of plant     
             species selected by free ranging camels.   
 Dry season Green season P  value 
    
Dry matter  94.55 ± 0.22a 95.00 ± 0.16b 0.020 
Ether extract  2.09 ± 0.10a 2.15 ± 0.01a 0.700 
Crude protein  6.79 ± 0.12a 4.90 ± 0.34b  0.001 
Crude fibre  13.11 ± 0.44a 11.49 ± 0.32b 0.006 
Nitrogen free extract  68.04 ± 0.46a 65.25 ± 0.74b 0.001 
Ash  4.82 ± 0.08a 11.39 ± 0.53b 0.001 
• Values are % dry matter basis.  
• Mean values within the same row bearing different superscripts are 
significantly different at P < 0.05.                  
  
 
 
 
Table 5. Seasonal variation in the erythrocytic indices of camels. 
 Dry season Green season P  value 
    
RBC (x 106/µl) 6.41 ± 0.15a 5.79 ± 0.14b 0.003 
PCV (%) 25.14 ± 0.33a 25.95 ± 0.32a 0.080 
Hb (g/dl) 10.67 ± 0.19a 10.73 ± 0.18a 0.821 
MCV (fl) 40.09 ± 0.81a 46.43 ± 0.79b 0.000 
MCH (pg) 16.99 ± 0.43a 19.44 ± 0.42b 0.000 
MCHC (g/dl) 42.49 ± 0.63a 41.62 ± 0.61a 0.321 
• Values are mean ± SE.  
• Mean values within the same row bearing different superscripts are 
significantly different at P < 0.05.                  
 
  
3.4.2 Erythrocyte osmotic fragility 
 Erythrocytes osmotic fragility of camels during both dry and green 
season is presented in Fig. 3. Camels’ erythrocytes collected during both 
seasons did not show any sort of haemolysis when suspended in hypotonic 
NaCl solutions to 0.5% (165.9 mOsm/L). Partial haemolysis of erythrocytes 
was first observed below 0.5% NaCl solutions in blood samples collected 
during the dry season. However, partial haemolysis of erythrocytes was first 
observed below 0.4 % NaCl solutions (132.9 mOsm/L) in blood samples 
collected during the green season.The erythrocytes collected during the 
green season were significantly           (P < 0.05) more resistant at 0.4, 0.3 
and 0.2% NaCl solutions (132.9, 99.6 and 66.4 mOsm/L, respectively.) 
compared to those collected during the dry season. About 86 - 94% of 
erythrocytes collected during both seasons were haemolysed at 0.2% NaCl 
solution (66 mOsm/L).   
 
3.4.3 Differential leukocyte count  
 The effect of season on differential leukocyte count is shown in Table 
6. Lymphocytes (Plate 16) and basophils (Plate 20) ratios were significantly 
(P < 0.05) higher during the dry season, while the percentage of neutrophils 
(Plate 17) were significantly (P < 0.05) higher during the green season. 
However, the percentages of eosinophils    (Plate 19) and monocytes (Plate 
17 and 18) did not show any significant seasonal variation.  
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            Fig. 3.  Seasonal variations in the erythrocyte osmotic  
                        fragility of camels.         
  
 
 
 
  
Plate 17. Neutrophils, monocyte and platelets (× 100).  
Plate 16. Lymphocyte (× 100).  
  
Plate 18. Monocyte (× 100). 
  
 
 
 
 
 
Plate 19. Eosinophil (× 100).  
  
Plate 20. Basophil (× 100). 
  
 
 
 
 
 
Table 6. Seasonal variation in the differential leukocyte count of camels. 
 Dry season Green season P  value 
    
Lymphocytes  56.24 ± 1.57a 34.93 ± 1.54b 0.000 
Neutrophils  32.49 ± 1.58a 47.35 ± 1.55b 0.000 
Eosinophils  6.04 ± 0.54a 6.67 ± 0.52a 0.414 
Monocytes  4.40 ± 0.42a 4.70 ± 0.41a 0.603 
Basophils  0.44 ± 0.06a 0.11 ± 0.06b 0.000 
• Values are mean ± SE.  
• Mean values within the same row bearing different superscripts are 
significantly different at P < 0.05.                  
  
3.4.4 Blood metabolites 
 The seasonal variation in the blood metabolites of camels are shown 
in Table 7. 
3.4.4.1 Serum total protein  
 Serum total protein level was significantly (P < 0.05) higher during 
the dry season compared to the green season.  Mean serum total protein 
concentrations was 8.43 ± 0.08 and 7.08 ± 0.08 g/dl during the dry- and 
green season, respectively.  
3.4.4.2 Serum albumin 
 The mean serum albumin concentrations during the dry- and green 
season were 3.17 ± 0.05 and 3.09 ± 0.05 g/dl, respectively. Although serum 
albumin level during the dry season was slightly higher compared to the 
green season value the difference was statistically not significant.  
3.4.4.3 Serum globulins 
 Serum globulins concentration was significantly (P < 0.05) higher 
during the dry season compared to the green season. Mean serum globulin 
concentrations were 5.83 ± 0.39 and 4.00 ± 0.38 g/dl during the dry and 
green season, respectively.  
3.4.4.4 Plasma glucose 
 The level of plasma glucose was significantly (P < 0.05) higher 
during the green season compared to the dry season. Mean plasma glucose 
  
concentrations were 59.57 ± 2.39 and 86.57 ± 2.33 mg/dl during the dry and 
green season, respectively.  
  
3.4.4.5 Serum urea 
 Serum urea concentration was significantly (P < 0.05) higher during 
the green season compared to the dry season. Mean serum urea 
concentrations were 33.98 ± 1.78 and 55.10 ± 1.74 mg/dl during the dry and 
green season, respectively.  
3.4.4.6 Serum creatinine 
 Serum creatinine level was significantly (P < 0.05) higher during the 
green season compared to the dry season. Mean serum creatinine 
concentrations during the dry and green season were 0.84 ± 0.05 and 1.54 ± 
0.04 mg/dl, respectively.  
3.4.4.7 Serum cholesterol  
 Serum cholesterol concentration did not show any significant 
seasonal variation. Mean serum cholesterol concentrations were         36.77 
± 2.04 and 33.96 ± 1.99 mg/dl during the dry- and green season, 
respectively.  
3.4.4.8 Serum triglycerides  
 The level of serum triglycerides was significantly (P < 0.05) higher 
during the dry season compared to the green season. Mean serum 
triglycerides concentrations were 34.24 ± 1.55 and 26.71 ± 1.51 mg/dl 
during the dry and green season, respectively.  
 
 
  
 
    
 
   
 
  Table 7. Seasonal variation in the concentrations of blood metabolites in 
camels.  
 Dry season Green season P  value 
    
Total protein (g/dl) 8.43 ± 0.08a 7.08 ± 0.08b 0.000 
Albumin (g/dl) 3.17 ± 0.05a 3.09 ± 0.05a 0.241 
Globulin (g/dl) 5.83 ± 0.39a 4.00 ± 0.38b 0.001 
Glucose (mg/dl) 59.57 ± 2.39a 86.57 ± 2.33b 0.000 
Urea (mg/dl) 33.98 ± 1.78a 55.10 ± 1.74b 0.000 
Creatinine (mg/dl) 0.84 ± 0.05a 1.54 ± 0.04b 0.000 
Cholesterol (mg/dl) 36.77 ± 2.04a 33.96 ± 1.99a 0.328 
Triglycerides (mg/dl) 34.24 ± 1.55a 26.71 ± 1.51b 0.001 
• Values are mean ± SE.  
• Mean values within the same row bearing different superscripts are 
significantly different at P < 0.05.                  
  
3.4.5 Serum minerals 
 The seasonal variations in the concentrations of serum minerals are 
shown in Table 8. 
3.4.5.1 Serum phosphorus (P)  
 Serum inorganic phosphorus level was significantly (P < 0.05) higher 
during the green season compared to the dry season. Mean values of serum 
inorganic phosphorus concentrations were 6.01 ± 0.10 and 7.27 ± 0.09 
mg/dl during the dry and green season, respectively.  
3.4.5.2 Serum calcium (Ca) 
 Serum calcium level was significantly (P < 0.05) higher during the 
green season compared to the dry season. Mean serum calcium 
concentrations were 8.11 ± 0.09 and 8.81 ± 0.09 mg/dl during the dry- and 
green season, respectively.  
3.4.5.3 Serum Sodium (Na) 
 Mean serum sodium concentrations during the dry and green season 
were 134.26 ± 0.88 and 135.49 ± 0.86 mEq/L, respectively. Serum sodium 
level was slightly higher during the green season compared to the dry 
season. The difference was not significant.  
 
   
 
 
  
 
 
 
 
 
Table 8. Seasonal variation in the concentrations of serum minerals in 
camels.  
 Dry season Green season P  value 
    
Phosphorus  (mg/dl) 6.01 ±0.10a 7.27 ± 0.09b 0.000 
Calcium (mg/dl) 8.11 ± 0.09a 8.81 ± 0.09b 0.000 
Sodium (mEq/L) 134.26±0.88a 135.49±0.86a 0.314 
    
• Values are mean ± SE.  
• Mean values within the same row bearing different superscripts are 
significantly different at P < 0.05.                  
  
3.5 Seasonal variation in milk composition of camel 
 Seasonal variation in the milk composition of camels during the dry 
and green season are shown in Table 9.  
3.5.1 Moisture and Dry matter 
 Milk moisture content was significantly (P < 0.05) higher, and its dry 
matter content was significantly (P < 0.05) lower during the dry season 
compared to the green season. Mean milk moisture contents were 89.56 ± 
0.37 and 88.45 ± 0.25%. The mean milk dry matter contents were 
10.45±0.37 and 11.57±0.25% during the dry and green season, respectively.  
3.5.2 Fat 
 Milk fat content showed significantly (P < 0.05) higher level during 
the dry season compared to the green season. Mean milk fat contents were 
3.41 ± 0.04 and 3.12 ± 0.02% during the dry and green season, respectively.        
3.5.3 Protein 
  There was no significant effect of season on milk protein content. 
Milk protein contents during the dry and green season were 3.57 ± 0.06 and 
3.55 ± 0.04%, respectively.  
3.5.4 Lactose 
 Milk lactose content was significantly (P < 0.05) higher during the 
green season compared to the dry season. Mean milk lactose contents were 
2.92 ± 0.31 and 4.31±0.27% during the dry and green season, respectively.  
 
  
 
 
 
Table 9. Seasonal variation in milk composition (%) of camels. 
 Dry season Green season P  value 
    
Moisture  89.56 ± 0.37a 88.45 ± 0.25b 0.016 
Dry mater  10.45 ± 0.37a 11.57 ± 0.25b 0.017 
Fat  3.41 ± 0.04a 3.12 ± 0.02b 0.001 
Protein  3.57 ± 0.06a 3.55 ± 0.04a 0.780 
Lactose 2.92 ± 0.31a 4.31 ± 0.27b 0.001 
Ash  0.67 ± 0.03a 0.67 ± 0.03a 0.958 
• Values are mean ± SE.  
• Mean values within the same row bearing different superscripts are 
significantly different at P < 0.05.                  
  
3.5.5 Ash 
 The milk ash content did not show any significant seasonal variation. 
Mean milk ash contents during the dry and green season were 0.67 ± 0.03 
and 0.67 ± 0.03 respectively.  
3.6 Effect of age on blood constituents  
3.6.1 Erythrocytic indices 
      The effect of age on erythrocytic indices are shown in                  Table 
10.   
 Total RBC count and haemoglobin concentration (Hb) did not show 
any significant age variations. However, these indices were slightly higher 
in adults compared to those of young camels. The packed cell volume 
(PCV) was significantly (P < 0.05) higher in adults compared to young 
camels. The mean corpuscular volume (MCV), mean corpuscular 
haemoglobin (MCH) and mean corpuscular haemoglobin concentration 
(MCHC) did not show any significant age differences. However, the mean 
values of MCV, MCH and MCHC were slightly higher in youngs compared 
to adult values. 
  
 
 
 
 
Table 10. The effect of age on erythrocytic indices of camels.  
 Adults  Youngs P  value 
    
RBC (×106/µl) 6.24 ± 0.12a 5.97 ± 0.17a 0.187 
PCV (%)  26.11 ± 0.27a 24.98 ± 0.38b 0.015 
Hb (g/dl)  10.84 ± 0.15a 10.57 ± 0.21a 0.314 
MCV (fl) 43.19 ± 0.66a 43.33 ± 0.92a 0.907 
MCH (pg)  17.98 ± 0.33a 18.47 ± 0.49a 0.422 
MCHC (g/dl)  41.71 ± 0.51a 42.41 ± 0.72a 0.425 
• Values are mean ± SE.  
• Mean values within the same row bearing different superscripts are 
significantly different at P < 0.05.                  
  
3.6.2 Differential leukocyte count (DLC)  
 The effect of age on differential leukocyte count is shown in   Table 
11.  
 Lymphocytes showed significantly (P < 0.05) higher ratio in young 
camels compared to the ratio of adults, while the neutrophils ratio was 
significantly (P < 0.05) higher in adults.  The values of eosinophils, 
monocytes and basophils did not show any significant age variation.  
3.6.3 Blood metabolites 
 The effects of age on blood metabolites are presented in          Table 
12.  
3.6.3.1 Serum total Protein  
  Serum total protein concentration was significantly (P < 0.05) higher 
in adults compared to the value obtained for young camels.  
3.6.3.2 Serum albumin 
  Serum albumin concentration did not show any significant age 
variation. However, mean serum albumin level was slightly higher in adults 
than that of young camels.  
3.6.3.3 Serum globulins  
 Serum globulins concentration did not show any significant 
difference between the two age groups. However, the mean values of serum 
globulins concentration were slightly higher in young camels compared to 
those of adults.  
  
 
 
 
 
 
 
 
Table 11. The effect of age on differential leukocyte count (%) of camels.  
 Adults  Youngs  P  value 
    
Lymphocytes  43.12 ± 1.28a 48.05 ± 1.79b 0.026 
Neutrophils  45.24 ± 1.29a 34.59 ± 1.79b 0.000 
Eosinophils  6.57 ± 0.44a 6.13 ± 0.61a 0.556 
Monocytes  4.73 ± 0.34a 4.37 ± 0.47a 0.540 
Basophils  0.28 ± 0.05a 0.27 ± 0.07a 0.374 
• Values are mean ± SE.  
• Mean values within the same row bearing different superscripts are 
significantly different at P < 0.05.                  
  
3.6.3.4 Plasma glucose  
 Mean plasma glucose level did not show any significant differences 
between the two age groups. However, the mean plasma glucose 
concentration was slightly higher in adults than that of young camels.  
3.6.3.5 Serum urea 
 Mean serum urea concentration did not show any significant 
differences between the two age groups. However, the mean serum urea 
concentration was slightly higher in adults compared to that of young 
camels. 
3.6.3.6 Serum creatinine 
 Mean serum creatinine concentration did not show any significant 
differences between adult and young camels.  
3.6.3.7 Serum cholesterol  
 Mean serum cholesterol concentration did not show any significant 
differences between adult and young camels. However, the mean serum 
cholesterol level in adults was slightly higher compared to that of young 
camels.  
3.6.3.8 Serum triglycerides  
 Mean serum triglycerides concentration was significantly            (P < 
0.05) higher in young camels compared to adults.  
 
 
  
  
 
 
 
 
Table 12. The effect of age on the concentrations of blood metabolites in  
                camels.      
 Adults  Youngs  P  value 
    
Total protein (g/dl) 8.02 ± 0.07a 7.59 ± 0.09b 0.000 
Albumin (g/dl) 3.15 ± 0.04a 3.11 ± 0.06a 0.520 
Globulins (g/dl) 4.94 ± 0.32a 4.97 ± 0.44a 0.836 
Glucose (mg/dl) 72.05 ± 2.71a 74.10 ± 1.94a 0.540 
Urea (mg/dl) 46.38 ± 1.45a 42.69 ± 2.02a 0.139 
Creatinine (mg/dl) 1.18 ± 0.05a 1.19 ± 0.04a 0.818 
Cholesterol (mg/dl) 36.63 ± 1.66a 34.09 ± 2.32a 0.375 
Triglycerides (mg/dl) 26.70 ± 1.26a 34.25 ± 1.76b 0.001 
• Values are mean ± SE.  
• Mean values within the same row bearing different superscripts are 
significantly different at P < 0.05.                  
  
3.6.4 Serum   minerals 
 The effect of age on serum minerals concentrations of camels are 
presented in Table 13.  
3.6.4.1 Serum phosphorus (P)  
 The mean serum P level was significantly (P < 0.05) higher in young 
camels compared to that of adult camels.  
3.6.4.2 Serum calcium (Ca) 
 The mean serum Ca level was significantly (P < 0.05) higher in adult 
camels compared to that of young camels.  
3.6.4.3 Serum sodium (Na) 
 The mean serum Na concentration was significantly (P < 0.05) higher 
in young camels compared to that of adults. 
 
 
   
  
 
 
 
 
 
 
Table 13. The effect of age on the concentrations of serum minerals in 
                 camels.      
 Adults  Youngs  P  value 
    
Phosphorus  (mg/dl) 6.49 ± 0.08a 6.79 ± 0.12b 0.038 
Calcium (mg/dl) 8.62 ± 0.08a 8.31 ± 0.11b 0.021 
Sodium (mEq/L) 132.49±1.72a 137.27±1.00b 0.000 
    
• Values are mean ± SE.  
• Mean values within the same row bearing different superscripts are 
significantly different at P < 0.05.                  
  
3.7 The effect of sex on blood constituents 
3.7.1 Erythrocytic indices 
 Sex related differences in camel erythrocytic indices are presented in 
Table 14. The total RBC count was significantly (P < 0.05) higher in male 
camels. The packed cell volume (PCV) also showed significantly (P < 0.05) 
higher values in males. However, haemoglobin concentration (Hb) was 
significantly (P < 0.05) higher in female camels.   
 The calculated values of MCV, MCH and MCHC were significantly 
(P < 0.05) higher in females compared to respective male values.  
3.7.2 Differential leukocyte count (DLC) 
 The effect of sex on differential leukocyte count is shown in  Table 
15. The percentage of lymphocytes, neutrophils, eosinophils, monocytes 
and basophils did not show any significant sex related differences. 
   
  
 
 
 
 
 
Table 14. The effect of sex on erythrocytic indices in camels. 
 Males  Females  P  value 
    
RBC (×106/µl) 6.38 ± 0.14a 5.83 ± 0.16b 0.009 
PCV (%)  26.14 ± 0.30a 24.96 ± 0.35b 0.011 
Hb (g/dl)  10.44 ± 0.17a 10.97 ± 0.19b 0.044 
MCV (fl) 41.89 ± 0.74a 44.63 ± 0.86b 0.016 
MCH (pg)  16.86 ± 0.39a 19.58 ± 0.46b 0.000 
MCHC (g/dl)  40.09 ± 0.57a 44.03 ± 0.67b 0.000 
• Values are mean ± SE.  
• Mean values within the same row bearing different superscripts are 
significantly different at P < 0.05.                  
  
 
 
 
 
Table 15. The effect of sex on differential leukocyte count (%) in camels.  
 Males  Females  P  value 
    
Lymphocytes  43.55 ± 1.44a 47.62 ± 1.67a 0.066 
Neutrophils  41.16 ± 1.44a 38.68 ± 1.68a 0.265 
Eosinophils  6.07 ± 0.49a 6.62 ± 0.57a 0.463 
Monocytes  4.66 ± 0.38a 4.45 ± 0.44a 0.727 
Basophils  0.23 ± 0.06a 0.32 ± 0.06a 0.288 
• Values are mean ± SE.  
• Mean values within the same row bearing different superscripts are 
significantly different at P < 0.05.                  
  
3.7.3 Blood metabolites 
 The effect of sex on the concentration of blood metabolites is 
presented in Table 16.  
The serum concentration of total protein, albumin, globulins, urea, 
creatinine, cholesterol, triglycerides and plasma glucose level did not show 
any significant sex-related differences.  
3.7.4 Serum minerals 
 The effect of sex on the level of serum minerals is presented in Table 
17.  
The concentrations of serum phosphorus, calcium and sodium did not 
show any significant sex-related differences.  
 
 
 
 
 
  
 
 
 
Table 16. The effect of sex on the concentrations of blood metabolites in 
camels.  
 Males  Females  P  value 
    
Total protein (g/dl) 7.65 ± 0.07a 7.86 ± 0.09a 0.070 
Albumin (g/dl) 3.08 ± 0.05a 3.78 ± 0.07a 0.156 
Globulins (g/dl) 5.17 ± 0.36a 4.65 ± 0.41a 0.342 
Glucose (mg/dl) 71.58 ± 2.18a 74.17 ± 2.53a 0.512 
Urea (mg/dl) 45.44 ± 1.62a 43.64 ± 1.88a 0.469 
Creatinine (mg/dl) 1.23 ± 0.04a 1.14 ± 0.05a 0.163 
Cholesterol (mg/dl) 35.47 ± 1.87a 35.26 ± 2.17a 0.939 
Triglycerides (mg/dl) 30.25 ± 1.41a 30.71 ± 1.64a 0.831 
• Values are mean ± SE.  
• Mean values within the same row bearing different superscripts are 
significantly different at P < 0.05.                  
  
 
 
 
 
 
 
Table 17. The effect of sex on the concentrations of serum minerals in 
camels.  
 Males  Females  P  value 
    
Phosphorus  (mg/dl) 6.63 ± 0.09a 6.66 ± 0.11a 0.849 
Calcium (mg/dl) 8.55 ± 0.09a 8.38 ± 0.10a 0.242 
Sodium (mEq/L) 133.82±0.80a 135.94±0.93a 0.086 
    
• Values are mean ± SE.  
• Mean values within the same row bearing different superscripts are 
significantly different at P < 0.05.                  
  
CHAPTER FOUR 
DISCUSSION AND CONCLUSIONS 
The study described in this thesis has been conducted to investigate 
the effect of season as well as the effects of age and sex on certain blood 
constituents of one-humped camel (Camelus dromedarius) kept under 
tropical conditions in southern Darfur. Also it was intended to monitor the 
seasonal variation in the chemical composition of forages species consumed 
by dromedary camels and their botanical names. Furthermore, the study was 
an endeavour to provide information on seasonal variation in milk 
composition of she-camels kept under traditional nomadic system. The 
values obtained would be useful for establishment of normal 
haematological indices, serum metabolites and minerals profiles for camels.  
The meteorological data shown in Fig. 2 indicated that in the study 
period, the camels have been exposed to marked seasonal changes in 
ambient temperature (Ta), relative humidity (R.H.) and rainfall when 
comparing the value of the dry season (March - May, 2003) and the green 
season (August - September, 2003). The highest value of the maximum 
ambient temperature (Max. Ta) was recorded in March (40.1ºC) during the 
dry season, and the lowest value was recorded in August (32.5ºC) during 
the green season. The highest value for minimum ambient temperature (Min 
  
Ta) was recorded in August (31.9ºC) during the green season, while the 
lowest value was recorded in March (21.7ºC) during the dry season.  
The climatic data indicate a marked seasonal change in the relative 
humidity (R.H.). The highest value was recorded in August (84%), whereas 
the lowest value was recorded in March (19%). The compiled climatic data 
indicate that the highest values of relative (R.H.) were recorded during the 
green season and the lowest value was recorded during the dry season.  
The highest value of rainfall (246.7 mm) was recorded during the 
green season, while the lowest value (7.0 mm) was recorded during the dry 
season. The climatic data indicated marked seasonal variation in the amount 
of rainfall.  
5.1 Preliminary observations on camel behaviour  
 The observations revealed that camels are suitable selective browser 
rather than grazer (Appendix A5 and A6, plate 6, 7, 9, 10, 11, 12, 13 and 14). 
Camels prefer to feed on bushes and trees due to their anatomical 
adaptations. The mobile and prehensile split upper lip, the long tongue, the 
horny nature of the oral cavity, the stretched neck and the extended heads to 
grasp thorny twigs constitute anatomical adaptations that enable camels to 
browse more than to graze. These observations are in agreement with the 
previous reports on camels (Wilson, 1984; Schwartz, 1992; Igbal and 
Baidar-khan, 2001).  
  
 The results obtained in this study show that camels are selective 
feeders not only with regard to plants but also in respect to the consumed 
plants parts (Plates 13, 14; Tables 1 and 2). This selectivity could be due to 
the adaptation mechanism to the seasonal fluctuations in forage quality 
(Schwartz and Dioli, 1992).  
 The camels adopted a characteristic position during hottest period of 
the day and tended to avoid grazing (Plate 15). This position may be 
attributed to the behavioural mechanisms that reduce heat gain and conserve 
energy (Wardeh, 1997). This adaptation position is in agreement with 
previous reports (Wilson, 1984; Wardeh, 1997).  
 The observations indicate that camels select many plants species and 
almost all kinds of vegetation from one season to another (Tables 1 and 2). 
This could be due to their unique natural mutual protection against arid 
environment, since plant species such as Acacia spp. which are thorny in 
nature and bitter in taste, do not deter the dromedary, and are considered as 
preferred diet (Williamson and Payne, 1978). The results in this context are 
in agreement with previous studies (Abu Sin, 1991; Schwartz, 1992; Igbal 
and Baidar-khan, 2001).  
5.2 Seasonal variation in plants composition 
 In the present study, the crude protein, crude fibre, and nitrogen free 
extract contents of plants parts consumed by camels were higher during the 
dry season (Table 4). These results show that camels are highly selective 
  
browsers, especially during the dry season, where they select mostly green 
material from deep rooted bushes and trees. Schwartz and Dioli (1992) 
reported that camels are consistently able to select best qualities with minor 
differences between seasons. However, the ash content of the plants parts 
selected by camels was higher during the green season (Table 4). This could 
be attributed to the increase in the available salty plants during wet season 
(Kuria et al., 2004).  
 The studies of Le Houérou (1980) reported higher values of ether 
extract (EE), crude protein (CP) and crude fibre (CF) contents and lower 
value of nitrogen free extract (NFE) compared to the results of the present 
study. This could be attributed to the difference in pasture quality as well as 
environmental conditions.  
5.3 Seasonal variation in blood constituents  
 In the present study, the seasonal variation in blood constituents 
showed a marked effect on the total red blood cells count in camels (Table 
5). The RBC count was higher during the dry season compared to the green 
season. The increase in RBC count during the dry season could be due to 
the longer half-life and survival time of red blood cells during dehydration, 
which is common during dry season (Yagil et al., 1974a). The RBC count 
obtained in the present study is slightly lower than that reported for 
Sudanese adult camels (Abdelgadir et al., 1984a). This could be attributed 
to differences in age, breeds, nutrition and environmental conditions. 
  
However, the current values are within the range reported by Wilson 
(1984).  
 In the present study, the PCV did not show significant seasonal 
variation. However, there were significant seasonal changes in MCV and 
MCH (Table 5). The MCV and MCH indices were higher during the green 
season compared to the dry season. The observed increase in the MCV 
during the green season could be due to the negative correlation between 
the size and count of erythrocytes suggested by Holman (1952). The values 
obtained for MCHC during both seasons did not vary significantly (Table 
5). This relative constancy in MCHC could be attributed to the concomitant 
increase or decrease in Hb concentration and PCV levels. Similarly, Scelza 
and Knoll (1982) reported an almost steady level of MCHC during different 
seasons in the Kangaroo rats. The mean values of MCV, MCH and MCHC 
reported in the current study for camels (Camelus dromedarius) are within 
the range of the previous report (Abdelgadir et al., 1984a).  
 The erythrocytes osmotic fragility demonstrated a significant 
difference (P < 0.05) between the dry and green season (Fig. 3; Appendix 
A1 and A2). The erythrocytes were more fragile during the dry season. 
Haemolysis of erythrocytes was started at 0.4% NaCl (132.8 mOsm/L) in 
blood samples collected during the dry season. However, haemolysis of 
erythrocytes was started first at 0.3% NaCl (99.6 mOsm/L) in blood 
samples collected during the green season. It is known that dehydration 
  
increases survival and half times of erythrocytes in camels (Yagil et al., 
1974a), and that the age of erythrocytes is one of the intrinsic factors 
affecting the erythrocytes osmotic fragility (Jain, 1984). Therefore, the 
observed season related difference in erythrocytes osmotic fragility could 
be due to the varying degree of dehydration.  
 In the present study, camels’ erythrocytes commenced haemolysis at 
0.4% NaCl solution during the dry season. This demonstrates that camels 
have more resistant erythrocytes than that of Bos indicus which commence 
haemolysis at 0.6% NaCl solution (Sant’Ana et al., 2001). Camels are 
distinguished by their unique natural mutual interactions protecting them 
against osmotic dehydration in arid environment (Eitan et al., 1976; 
Omorphos et al., 1989; Bogner et al., 1998). Furthermore, the erythrocytes 
of camels are particularly resistant to haemolysis in hypotonic fluids and 
would be undamaged by rapid rehydration unlike cattle (Siebert and 
Macfarlance, 1975). 
 The percentages of eosinophils and monocytes did not show any 
seasonal variation, while that of neutrophils, lymphocytes, and basophils 
were affected (Table 6). The percentage of neutrophils was higher during 
the green season compared to the dry season. This increase during the green 
season might be due to improvement of nutritional status of camels. Higher 
dietary protein content was reported to increase the neutrophils percentage 
in ewes (Thomas and Chiboca, 1984). The current results concerning the 
  
percentage of lymphocytes, neutrophils, eosinophils, monocytes and 
basophils are not in agreement with the previous reports on camels 
(Banerjee et al., 1962; Abdelgadir et al., 1984a). This could be attributed to 
differences in age, breed, environmental conditions and nutrition.   
In the current study, serum albumin concentration did not show any 
seasonal variation. Serum albumin level ranged between 3.17 ± 0.05 g/dl 
during the dry season and 3.09 ± 0.05 g/dl during the green season (Table 
7). Kataria et al. (2002b) reported an increase in the serum albumin level in 
camels during exposure to hot conditions.  
The serum total protein and globulins concentrations showed 
significant seasonal variations (Table 7). These parameters were higher 
during the dry season compared to the green season. This could be 
attributed to the stresses to which camels were subjected under dry 
conditions (Appendix A7 and A8). Abokouider et al. (2001) reported an 
increase in serum total protein level during the dry season in camels kept 
under natural conditions. The overall mean values of serum total protein, 
albumin and globulins obtained for camels in the present study are within 
the range reported for camels in the Sudan (Abdelgadir et al., 1984b).  
The present study shows a significant decrease in the level of plasma 
glucose during the dry season (Table 7). This could be attributed to the 
decrease of available forage. Food deprivation was reported to decrease 
plasma glucose level in monogastric mammals and ruminants (Evans, 1971; 
  
Rule et al., 1985). Moreover, feeding camels after fasting was reported to 
increase plasma glucose level (Wensvoort et al., 2004). The decrease in 
plasma glucose level during the dry season in camels was reported by other 
workers (Wilson, 1984; Abokouider et al., 2001). The plasma glucose level 
obtained in the present study is within the range of the previous reports on 
camels (Azwai et al., 1990; Mohamed and Hussein, 1999). However, 
Abdelgadir et al. (1984b) reported lower plasma glucose concentration.  
The present study shows a significant increase in the level of serum 
urea during the green season (Table 7). This could be attributed to the 
availability and quality of forage during the green season. Payne (1990) 
reported a higher level of crude proteins of pasture plants in wet summer. 
Higher dietary protein in the racing season was reported to increase blood 
urea nitrogen (BUN) of camels (Salman and Afzal, 2004). Further more, the 
idling and ruminating times were reported to be higher during growing 
season compared to the dry season (Kassilly, 2002). It has also been 
reported that the level of serum urea is related to the forage intake and 
consequently the energy and crude protein concentration (Grings et al., 
1991). In the present study, the examined camels have revealed serum urea 
level within the range of previous reports (Elias and Yagil, 1984; Azwai et 
al., 1990). However, lower levels of serum urea have been reported by other 
warkers (Idris and Tartour, 1970; Abdelgadir et al., 1984b).        
  
The present study shows a significant increase in serum creatinine 
level during the green season (Table 7). This could be attributed to the 
higher protein intake in the diet consumed by camels. Creatinine excretion 
was reported to decrease significantly during protein free feeding (Appana 
and Vyas, 1969). Different results have been reported on serum creatinine 
level in camels. Abokouider et al. (2001) reported lower concentrations of 
creatinine during the dry season. However, Salman and Afzal (2004) 
reported that serum creatinine level did not show any seasonal variation. 
The serum creatinine concentration reported in the present study is lower 
than the previous findings reported on camels (Abdelgadir et al., 1984b; 
Mohamed and Hussein, 1999; Salman and Afzal, 2004). The lower 
creatinine level reported in the present study may be due to the differences 
in camel breeds, age, and nutritional status.  
In the present study, there was a significant seasonal variation in the 
serum level of triglycerides (Table 7). The observed increase in serum 
triglycerides during the dry season could be related to the poor dietary 
conditions. Triglycerides are known to provide the metabolic fuel for most 
tissues when the animal has energy deficit (Beitz, 1993b). Moreover, it has 
been reported that reduced glucose metabolism is reflected on the output of 
free fatty acids (Mayes and Bothman, 2003b). This increase in serum 
triglycerides level during the dry season is   in agreement with the previous 
reports on camels (Mirghani, 1982; Abokouider et al., 2001). The values of 
  
serum triglycerides concentrations reported in the present study are within 
the range reported by Wasfi et al, (1987).  
The results of the present study showed seasonal variation in the 
concentrations of serum P and Ca in the dromedary camels. Marked 
increases in the serum level of P and Ca during the green season compared 
to the dry season were observed (Table 8). This may be attributed to the 
availability of plants rich in minerals (ash content) during the wet season 
(Kuria et al., 2004). Moreover, it has been reported that animals kept under 
natural range grazing could obtain their phosphorus requirement during the 
wet season (Wilson, 1984; Elmi, 1989). Rainfall can affect the mineral 
composition of pasture herbage. Phosphorus, for example, appears to be 
present in higher concentrations when the rainfall is high (McDonald et al., 
1995). The mean serum P and Ca levels measured in the current study are 
within the range of previous reports (Wahbi et al., 1984; Mohamed et al., 
1999).  
5.4 Seasonal variation in milk composition  
 The present study showed seasonal variation in moisture, fat and 
lactose contents of the milk of she-camels (Table 9).  
 The milk moisture content was higher during the dry season. This 
could be due to the natural adaptation of camels in order to provide not only 
nutrients but necessary fluid to the dehydrated calf. Adaptation to heat in 
man results in secretion of profuse watery sweat due to secretion of 
  
endogenous anti-diuretic hormone (ADH) (Ingram and Mount, 1975). The 
mammary glands have the same embryonic origin as the sweat glands 
(Strauss, 1974). Moreover, ADH secretion was reported to increase in 
dehydrated camels (Yagil and Etzion, 1979). Therefore, the increase in milk 
moisture content during the dry season could be related to the action of 
ADH.  
 The milk fat content was significantly higher during the dry season 
compared to the green season value. This increase in milk fat content during 
the dry season could be related to the decreased milk yield. In the dry 
season, the camel milk yield was about half of the rainy season level 
(Lakosa and Shokin, 1964; Knoess et al., 1986). Moreover, Sheriha (1986) 
reported a negative correlation between milk yield and fat content in 
camels.  
 The milk lactose content was higher during the green season. This 
could be attributed to the availability of fodder during the green season, and 
the early stage lactation which coincided with this season. Sheriha (1986) 
reported higher milk lactose during early stage of lactation. Moreover, 
Martin (1993) reported a negative correlation between the lactose and fat 
contents with advanced lactation.  
 The milk fat and lactose contents obtained in the present study are 
within the range reported by Baider-khan and Iqbal (2000). In contrast, 
  
Wilson (1984) and Elamin and Wilox (1992) reported slightly different 
values for milk fat and lactose contents.  
5.5 The effect of age and sex on blood constituents 
 The results obtained in this study showed higher values of PCV in 
adults compared to values of young camels (Table 10). However, age did 
not show significant effect on the red blood cells count, Hb concentration, 
MCV, MCH and MCHC (Table 10). The lack of age effect on these indices 
is in agreement with the previous reports on camels (Hussein et al., 1983) 
and goats (Pospisil et al., 1987).  
 In the present study, age induced significant effects on the 
percentages of lymphocytes and neutrophils (Table 11). There was a 
marked increase in the lymphocytes ratio in young camels. This could be 
due to the increased input from the thoracic duct (Jain, 1986).  
 The age of the camels exerted a significant influence on the level of 
serum total protein (Table 12). The concentration of serum total protein was 
higher in adult camels. This result is in agreement with the previous reports 
(Godsian et al., 1978; Chartier et al., 1986; Jain, 1989; Chaudhary et al., 
2003).  
 The present study also showed a significant effect of age on the level 
of serum phosphorus (Table 13). The serum P level was higher in young 
camels. Normal blood contains alkaline phosphatase enzyme which 
catalyzes the liberation of inorganic phosphates from phosphate esters such 
  
as glycerophosphate. Higher levels of alkaline phosphatase were reported in 
the new born camel calves (Elias and Yagil, 1984).  
 The findings in this study showed a significant effect of age on serum 
calcium level (Table 13); the serum calcium level was higher in adults 
compared to young camels. This could be attributed to the slow rates of 
calcium deposition and absorption in bones of elderly (Guyton and Hall, 
2000).  
The results of the present study demonstrated a significant intersex 
difference in red blood cells count and PCV level (Table 14). The red blood 
cell count and PCV were higher in male camels. This could be attributed to 
the enhancement of erythropoiesis by androgen hormones (Mirad et al., 
1965; Malgor and Fisher, 1970). These results are in agreement with the 
previous reports on camels (Nazifi et al., 1998).  
There were no sex related differences in the present study concerning 
the differential leukocyte count (DLC) (Table 15). Furthermore, sex did not 
show any significant effect on the levels of serum metabolites (Table 16) 
and minerals (Table 17).  
 
5.6 Conclusions and suggestions for future work 
 It is evident from the results of the present study that camels 
(Camelus dromedarius) are selective browsers rather than grazers. They are 
selective feeders not only with regard to plants but also in respect to the 
  
parts they consumed. The results obtained also indicated that some of the 
blood constituents and milk composition of dromedary camel were 
significantly influenced by the seasonal variation. Moreover, the findings of 
the present study showed age and sex related variation in some of the 
studied parameters.  
From the results obtained in this study it is apparent that further 
investigations are necessary to clarify the behaviour of camels under 
different environmental conditions. The age of the experimental animals 
used in the present study ranged between 1 and 18 years. The animals were 
divided into two groups (adult and young) including both sexes. Future 
studies would better correlate the age within the same sex with the variation 
in blood constituents. 
 Future investigations could include measurements of blood volume 
and plasma osmolality which would help in the interpretation of changes 
associated with hydration state of camels.  
 Researchers could design confined experiments correlating between 
the actual intake of nutrients and the relevant blood metabolites level and 
milk composition in camels.             
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APPENDIX 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
A1. Calculatation of the osmolarity of sodium chloride (NaCl) solutions. 
NaCl (%)  Osmolarity (mOsm/L)   
0.9 298.8 
0.8 265.6 
0.7 232.4 
0.6 199.2 
0.5 165.9 
0.4 132.8 
0.3 99.6 
0.2 66.4 
0.1 33.2 
 
* Osmolarity of NaCl solution      = 
100
97
44.58
)L/mg(Weight2 ××   
 
  
 
 
A2. Seasonal variation in erthrocyte osmotic fragility of camels    
      (Camelus dromedarius). 
 
Erothrocytes haemolysis (%) Sodium chloride 
concentration (%) Dry season  Green season  
0.9 0.000 0.000 
0.8 0.000 0.000 
0.7 0.000 0.000 
0.6 0.000 0.000 
0.5 0.000 0.000 
0.4 6.596 ± 0.520a 0.000b 
0.3 54.445 ± 3.069a 36.982 ± 3.000b 
0.2 93.497 ± 1.172a 86.549 ± 1.146b 
0.1 100.000 100.000 
 
* Values are mean ± SE.  
** Mean values within the same row bearing different superscripts are significantly         
     different at P < 0.05.  
 
  
 
A3. Example for statistical evaluation of the seasonal variations in the            
       concentrations of blood metabolites.    
 
Test of between-subjects effects 
Source 
Dependent 
variable 
Type III  
sum sq. 
d.f. Mean Sq. F. Sig. 
Glucose 30218.418 1 30218.418 65.475 0.000 
Urea 18489.364 1 18489.364 72.408 0.000 Season 
Triglycerides 2347.650 1 2347.650 12.115 0.001 
 
 
Multi-variance (ANOVA) 
95% confidence interval  Dependant 
variable  
Season  Mean  
Std. 
error  
Sig. 
Lower bound  Upper bound  
Dry (1)  59.573 2.386 0.000 54.868 64.279 
Glucose  
Green (2)  86.578 2.333 0.000 81.977 91.178 
Dry (1)  33.979 1.775 0.000 30.479 37.478 
Urea  
Green (2)  55.102 1.735 0.000 51.680 58.524 
Dry (1)  34.240 1.546 0.001 31.191 37.289 
Triglycerides  
Green (2)  26.713 1.512 0.001 23.732 26.694 
 
*Based on observed means.  
** The mean difference is significant at the 0.05 level.  
  
 
A4. Example for statistical evaluation of the seasonal variations in the  
      concentrations of serum minerals. 
 
Test of between-subjects effects 
Source 
Dependent 
variable 
Type III  
sum sq. 
d.f. Mean Sq. F. Sig. 
P 66.266 1 66.266 78.988 0.000 
Ca 20.590 1 20.590 26.634 0.000 Season 
Na 63.884 1 63.884 1.020 0.314 
 
 
Multi-variance (ANOVA) 
95% confidence interval  Dependant 
variable  
Season  Mean  
Std. 
error  
Sig. 
Lower bound  Upper bound  
Dry (1)  6.009 0.102 0.000 5.809 6.210 
P  
Green (2)  7.274 0.099 0.000 7.078 7.470 
Dry (1)  8.112 0.098 0.000 7.920 8.305 
Ca 
Green (2)  8.817 0.095 0.000 8.629 9.005 
Dry (1)  134.256 0.879 0.314 132.523 135.990 
Na 
Green (2)  135.498 0.860 0.314 133.803 137.193 
 
* Based on observed means  
** The mean difference is significant at the 0.05 level.  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A5 .Camels browsing during the green season. 
 
 
 
B 
A 
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A6 .Camels browsing in the dry wadi-beds during the dry season. 
 
 
B 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A7. Camels grazing pasture residual products during the dry season. 
B 
A 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A8. Camels crossing long and dry pasture to reach water points during  
A 
B 
  
        the dry season. 
 
 
 
 
 
 
 
 
 
  A9 . “Surrar” a traditional method to prevent suckling during  
         grazing.  
 
 
 
 
 
 
 
 
 
 
  
 
A10 . Calf sucking its dam before milking. 
  
 ﺑﺴﻢ اﷲ اﻟﺮﺣﻤﻦ اﻟﺮﺣﻴﻢ
 ﺧﻼﺻﺔ ﺍﻷﻃﺮﻭﺣﺔ
 sulemaC)ﺘﻘﺼﻰ ﺍﻟﺘﺎﺛﲑ ﺍﻟﻔﺼﻠﻲ ﻭﺃﺛﺮ ﺍﻟﺴﻦ ﻭﺍﳉﻨﺲ ﻋﻠﻰ ﻣﻜﻮﻧﺎﺕ ﺍﻟﺪﻡ ﰱ ﺍﻻﺑﻞﺃﺟﺮﻳﺖ ﻫﺬﻩ ﺍﻟﺪﺭﺍﺳﺔ ﻟ
ﺍﻳﻀﺎ ﻫﺪﻓﺖ ﺍﻟﺪﺭﺍﺳﻪ ﺍﱃ ﺗﻘﻮﱘ ﺗﺄﺛﲑ ﺍﻹﺧﺘﻼﻑ ﺍﻟﻔﺼﻠﻰ ﻋﻠﻰ ﻣﻜﻮﻧﺎﺕ ﻟﱭ ﺍﻟﻨﻮﻕ، ﻭﺃﻳﻀﺎﹰ ﺩﺭﺍﺳﺔ . (suirademord
 ﺣﻴﻮﺍﻥ ﻣﻦ ﳎﻤﻮﻋﺔ ﺳﻼﻟﺔ 012 ﰎ ﺇﺧﺘﻴﺎﺭﻋﺪﺩ. ﺍﻷﲰﺎﺀ ﺍﻟﻨﺒﺎﺗﻴﺔ ﻭﺍﳌﻜﻮﻧﺎﺕ ﺍﻟﻜﻴﻤﻴﺎﺋﻴﺔ ﻷﺟﺰﺍﺀ ﺍﻟﻨﺒﺎﺗﺎﺕ ﺍﻟﱵ ﺗﺘﻨﺎﻭﳍﺎ ﺍﻹﺑﻞ
 ﺳﻨﺔ ﻣﻦ 81-  1ﺍﻻﺑﻞ ﺍﻟﻌﺮﺑﻴﺔ ﺍﳌﺴﺘﻮﻃﻨﺔ ﰲ ﻭﻻﻳﺔ ﺟﻨﻮﺏ ﺩﺍﺭﻓﻮﺭ ﻭﺍﻟﱵ ﺗﻌﺘﻤﺪ ﻋﻠﻰ ﺍﻟﺮﻋﻲ ﺍﻟﻄﺒﻴﻌﻲ ﻭﺗﺘﺮﺍﻭﺡ ﰱ ﺍﻟﺴﻦ ﻣﻦ 
  . ﺍﳉﻨﺴﲔ
ﺍﳌﺴﺘﻘﻠﺒﺎﺕ ﻭﺍﳌﻌﺎﺩﻥ ﰲ  ﺃﻭﺿﺤﺖ ﺍﻟﺘﺤﻠﻴﻼﺕ ﺃﻥ ﺍﻹﺧﺘﻼﻑ ﺍﻟﻔﺼﻠﻲ ﻟﻪ ﺗﺄﺛﲑ ﻋﻠﻰ ﺑﻌﺾ ﻣﻜﻮﻧﺎﺕ ﺍﻟﺪﻡ ﻭﺗﺮﻛﻴﺰ
ﺍﻟﻌﺪ ﺍﻟﻜﻠﻰ ﻟﻜﺮﻳﺎﺕ ﺍﻟﺪﻡ ﺍﳊﻤﺮ ﻭﺍﻟﻨﺴﺒﺔ . ﺮﺕ ﺗﺄﺛﲑ ﺍﻟﺴﻦ ﻭﺍﳉﻨﺲ ﺍﻟﻄﻔﻴﻒ ﻋﻠﻰ ﻫﺬﻩ ﺍﳌﻜﻮﻧﺎﺕﻛﻤﺎ ﺃﻇﻬ. ﻣﺼﻞ ﺍﻟﺪﻡ
ﺍﳌﻘﺎﻭﻣﺔ ﺍﻷﺯﻣﻮﻳﺔ ﻟﻜﺮﻳﺎﺕ ﺍﻟﺪﻡ ﺍﳊﻤﺮﺍﺀ، ﻣﺘﻮﺳﻂ . ﺍﳌﺌﻮﻳﺔ ﻟﻠﺨﻼﻳﺎ ﺍﻟﻠﻴﻤﻔﺎﻭﻳﺔ ﻭﺍﻟﻘﺎﻋﺪﻳﺔ ﺇﺯﺩﺍﺩﺕ ﻣﻌﻨﻮﻳﺎﹰ ﰲ ﻣﻮﺳﻢ ﺍﳉﻔﺎﻑ
ﺍﻟﻨﺴﺐ ﺍﳌﺌﻮﻳﺔ ﻟﻠﻌﺪﻻﺕ ﺇﺯﺩﺍﺩﺕ ﻣﻌﻨﻮﻳﺎﹰ ﻭ( HCM)ﻭﻣﺘﻮﺳﻂ ﺗﺮﻛﻴﺰ ﺍﳍﻴﻤﻮﻗﻠﻮﺑﲔ ﰱ ﺍﻟﻜﺮﻳﺔ ( VCM)ﺣﺠﻢ ﺍﻟﻜﺮﻳﺔ 
ﺗﺮﻛﻴﺰ ﺍﻟﱪﻭﺗﲔ ﺍﻟﻜﻠﻲ ﻭﺍﻟﻘﻠﻮﺑﻴﻮﻟﲔ ﻭﺍﳉﻠﻴﺴﺮﻳﺪﺍﺕ ﺍﻟﺜﻼﺛﻴﺔ ﰲ ﻣﺼﻞ ﺍﻟﺪﻡ ﺇﺯﺩﺍﺩﺕ ﻣﻌﻨﻮﻳﺎﹰ ﺧﻼﻝ . ﺧﻼﻝ ﻣﻮﺳﻢ ﺍﻹﺧﻀﺮﺍﺭ
ﻣﻮﺳﻢ ﺍﳉﻔﺎﻑ، ﺑﻴﻨﻤﺎ ﺇﺭﺗﻔﻌﺖ ﻣﺴﺘﻮﻳﺎﺕ ﺍﳉﻠﻜﻮﺯ ﰲ ﺍﻟﺒﻼﺯﻣﺎ ﻭﺍﻟﻴﻮﺭﻳﺎ، ﺍﻟﻜﺮﻳﺎﺗﻨﲔ، ﺍﻟﻔﺴﻔﻮﺭ ﻭﺍﻟﻜﺎﻟﺴﻴﻮﻡ ﰲ ﻣﺼﻞ ﺍﻟﺪﻡ 
، ﻧﺴﺒﻪ ﺍﻟﻌﺪﻻﺕ، ﺗﺮﻛﻴﺰ ﺍﻟﱪﻭﺗﲔ ﺍﻟﻜﻠﻲ (VCP)ﻣﻜﺪﺍﺱ ﺍﻟﺪﻡ . ﺎﻋﺎﹰ ﻣﻌﻨﻮﻳﺎﹰ ﺧﻼﻝ ﻣﻮﺳﻢ ﺍﻹﺧﻀﺮﺍﺭﺇﺭﺗﻔ
 ﰲ ﻣﺼﻞ ﺍﻟﺪﻡ ﺇﺭﺗﻔﻌﺖ ﻣﻌﻨﻮﻳﺎﹰ ﰲ ﳎﻤﻮﻋﺔ ﺍﳊﻴﻮﺍﻧﺎﺕ ﻛﺒﲑﺓ ﺍﻟﺴﻦ، ﺑﻴﻨﻤﺎ ﺇﺭﺗﻔﻌﺖ ﻧﺴﺒﺔ ﺍﳋﻼﻳﺎ  )aC(ﻭﺍﻟﻜﺎﻟﺴﻴﻮﻡ
ﺍﻟﻌﺪﺩ ﺍﻟﻜﻠﻲ . ﺍﳊﻴﻮﺍﻧﺎﺕ ﺻﻐﲑﺓ ﺍﻟﺴﻦ ﰲ ﻣﺼﻞ ﺍﻟﺪﻡ ﻣﻌﻨﻮﻳﺎﹰ ﰲ ﳎﻤﻮﻋﺔ )aN( ﻭﺍﻟﺼﻮﺩﻳﻮﻡ  )P(ﺍﻟﻠﻴﻤﻔﺎﻭﻳﺔ، ﺍﻟﻔﺴﻔﻮﺭ
ﻣﺴﺘﻮﻯ . ﺬﻳﻦ ﺃﻇﻬﺮﺍ ﺍﺧﺘﻼﻓﺎﹰ ﻣﻌﻨﻮﻳﺎﹰ ﻻﺛﺮ  ﺍﳉﻨﺲﻟﻥ ﺍﺍﻥ ﺍﻟﻮﺣﻴﺪﺎ ﳘﺎ ﺍﳌﻘﻴﺎﺳ )VCP(ﻣﻜﺪﺍﺱ ﺍﻟﺪﻡ ﻟﻜﺮﻳﺎﺕ ﺍﻟﺪﻡ ﺍﳊﻤﺮ ﻭ
  .  ﻣﻜﺪﺍﺱ    ﺍﻟﺪﻡ ﺍﺭﺗﻔﻌﺎ ﻣﻌﻨﻮﻳﺎﹰ ﰲ ﳎﻤﻮﻋﺔ ﺍﻟﺬﻛﻮﺭ ﻋﺪﺩ ﺍﻟﻜﺮﻳﺎﺕ ﺍﳊﻤﺮﺍﺀ ﻭ
 
  
ﺇﺭﺗﻔﻌﺖ ﻧﺴﺒﺔ ﺍﻟﺮﻃﻮﺑﺔ ﻭﺍﻟﺪﻫﻮﻥ ﻣﻌﻨﻮﻳﺎﹰ . ﻰ ﻣﻜﻮﻧﺎﺕ ﺍﻟﻠﱭﺃﻇﻬﺮﺕ ﺍﻟﺪﺭﺍﺳﺔ ﺃﺛﺮ ﺍﻹﺧﺘﻼﻑ ﺍﻟﻔﺼﻠﻲ ﺍﻟﻮﺍﺿﺢ ﻋﻠ
  . ﺇﺭﺗﻔﻌﺖ ﻣﻌﻨﻮﻳﺎﹰ ﺧﻼﻝ ﻣﻮﺳﻢ ﺍﻹﺧﻀﺮﺍﺭ( esotcaL)ﰲ ﺧﻼﻝ ﻣﻮﺳﻢ ﺍﳉﻔﺎﻑ، ﰲ ﺣﲔ ﺃﻥ ﻧﺴﺒﺔ ﺳﻜﺮ ﺍﻟﻠﱭ 
 ﺗﻔﻀﻞ ﺍﻟﺮﻋﻲ ﻋﻠﻰ ﺍﻷﺷﺠﺎﺭ ﻛﺜﲑﺍﹰ ﻋﻦ (suirademord sulemaC)ﺃﺛﺒﺘﺖ ﻧﺘﺎﺋﺞ ﺍﻟﺪﺭﺍﺳﺔ ﺃﻥ ﺍﻻﺑﻞ 
ﺍﻟﱪﻭﺗﲔ  ﺇﺭﺗﻔﻌﺖ ﻧﺴﺒﺔ. ﱃ ﺃ ﺎ ﺇﻧﺘﻘﺎﺋﻴﺔ ﺍﻟﺘﻐﺬﻳﺔ ﻷﺟﺰﺍﺀ ﻧﺒﺎﺗﺎﺕ ﺍﳌﺮﻋﻲ ﺍﻟﱵ ﺗﺴﺘﻬﻠﻜﻬﺎﺍﻟﺮﻋﻲ ﻋﻠﻰ ﺍﳊﺸﺎﺋﺶ ﺑﺎﻹﺿﺎﻓﺔ ﺇ
 ﻣﻌﻨﻮﻳﺎﹰ ﺧﻼﻝ ﻣﻮﺳﻢ ﺍﳉﻔﺎﻑ، ﺇﻻ ﺃﻥ )EFN( ﻭﺍﳌﺴﺘﺨﻠﺺ ﺍﳋﺎﱄ ﻣﻦ ﺍﻟﻨﺘﺮﻭﺟﲔ )FC(، ﺍﻷﻟﻴﺎﻑ ﺍﳋﺎﻡ )PC(ﺍﳋﺎﻡ 
  . ﺇﳔﻔﻀﺖ ﺧﻼﻝ ﻣﻮﺳﻢ ﺍﳉﻔﺎﻑ( hsA)ﻧﺴﺒﺔ ﺍﻻﻣﻼﺡ 
ﺍﻟﻨﺘﺎﺋﺞ ﺍﻟﱵ ﰎ ﺍﳊﺼﻮﻝ ﻋﻠﻴﻬﺎ ﺗﻮﺿﺢ ﺃﻥ ﺍﳊﺎﻟﺔ ﺍﻟﻐﺬﺍﺋﻴﺔ ﳝﻜﻦ ﺃﻥ ﲢﺪﺙ ﺗﺄﺛﲑﺍﺕ ﻋﻠﻰ ﺍﻹﺳﺘﺠﺎﺑﺔ ﺍﻟﻔﺴﻴﻮﻟﻮﺟﻴﺔ 
ﻛﻤﺎ ﺃﻥ ﺍﻟﻐﺬﺍﺀ ﺍﳌﺘﻮﻓﺮ ﰲ ﺧﻼﻝ ﻣﻮﺳﻢ ﺍﻹﺧﻀﺮﺍﺭ ﻗﺪ ﳛﺴﻦ ﺣﺎﻟﺔ ﺍﳉﺴﻢ ﻭﻳﺆﺛﺮ ﻋﻠﻰ ﺗﺮﻛﻴﺰ ﺍﳌﺴﺘﻘﻠﺒﺎﺕ ﻭﺍﳌﻌﺎﺩﻥ ﰲ . ﻟﻼﺑﻞ
 . ﺍﻟﺪﻡ ﺑﺎﻹﺿﺎﻓﺔ ﺇﱃ ﻣﻜﻮﻧﺎﺕ ﺍﻟﻠﱭ
ﺃﻧﻪ ﺑﺎﻟﺮﻏﻢ ﻣﻦ ﺗﺎﻗﻠﻢ ﺍﻻﺑﻞ ﺍﳌﺘﻤﻴﺰ ﻋﻠﻰ ﺍﳌﻨﺎﺥ ﺍﳉﺎﻑ ﻭﻣﻘﺪﺭﺎ ﺍﻹﻧﺘﻘﺎﺋﻴﺔ ﻟﻠﻐﺬﺍﺀ ﺍﻟﺬﻱ ﺗﺴﺘﻬﻠﻜﻪ، ﺃﻇﻬﺮﺕ ﺍﻟﻨﺘﺎﺋﺞ 
ﻟﺬﻟﻚ ﻓﺎﻧﻪ ﻳﺘﻮﺟﺐ ﺇﺿﺎﻓﺔ . ﺇﻻ ﺃﻥ ﻣﺴﺘﻮﻳﺎﺕ ﺍﳉﻠﻜﻮﺯ، ﺍﻟﻴﻮﺭﻳﺎ، ﺍﻟﻔﺴﻔﻮﺭ ﻭﺍﻟﻜﺎﻟﺴﻴﻮﻡ ﻛﺎﻧﺖ ﻣﻨﺨﻔﻀﺔ ﰲ ﻣﻮﺳﻢ ﺍﳉﻔﺎﻑ
 .       ﺍﻷﻏﺬﻳﺔ ﺍﳌﺮﻛﺰﺓ ﳍﺬﻩ ﺍﻻﺑﻞ ﺍﻟﱵ ﺗﺮﻋﻲ ﰲ ﺍﳌﻨﺎﻃﻖ ﺍﳉﺎﻓﺔ
 
 
 
